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Poko lt AsGor, 


In bringing out a Text-book of Natural History intended 
mainly for the use of schools, there are a few remarks which 
it may be as well to make by way of preface, if only to 
explain the principles upon which the work has been 
written. 

In the first place, more space has been devoted, coms 
paratively speaking, to the Invertebrate Animals than has 
usually been the case in introductory works, upon the 
belief that any practical Zoological work likely to be under- 
taken by young students will certainly be in connection 
with these rather than with the Vertebrate Animals. 

Secondly, the Author has devoted considerable space 
to a discussion of the principles of Zoological classifica- 
tion, believing that it is of paramount importance that the 
student should have a clear idea of the principles upon 
which the Animal Kingdom has been systematically divided. 
At the same time, the introductory portion of the work is 
more especially intended for the teacher; and there is much 
in it that the learner may perhaps hardly understand till he 
has arrived at some clear idea of Natural History as a 
whole. 

Thirdly, whilst the Author trusts that the style of the 
work will be found clear and intelligible, he does not 
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believe in the existence of any royal road to learning in 
Natural History, any more than in any other department 
of human knowledge. If Natural History is ever to be 
taught in schools, with any satisfaction to the teacher, or 
any profit to the learner, it must be taught as systematically 
and as unflinchingly as Mathematics and Greek have been 
taught for many generations. The Author is one of those 
who believe that the time is now approaching, if it be not 
already here, when the Natural Sciences will take their true 
place in school education, as second to no other branch of 
knowledge, either as regards their intrinsic value and in- 
terest, or regarded merely as a means of developing the 
mental powers. Acting upon this belief, the Author has, 
therefore, treated his subject in a purely scientific spirit ; 
and whilst avoiding as much as possible the use of tech- 
nicalities, he has not endeavoured to lend his subject any 
false glitter or embellishment ; firmly believing that there is 
even a certain mental training involved in the recognition 
that a strictly scientific description is not without its own 
charms and beauties. Whilst the use of technical terms 
has been as far as possible restricted, it is believed that an 
explanation of every unavoidable term will be found in the 
glossary, or is appended in the text. 

Lastly, the illustrations, with few exceptions, have been 
drawn on the wood by the Author, and he has thought it 
wise to wholly eschew the use of pictorial illustrations, as 
unnecessary in a scientific work, however elementary it 
may be. 


PREFACE TO THE SECOND EDITION. 


THE present Edition has been enlarged and altered so as 
to correspond, in most respects, with the American Edition, 
published in 1871. The series of questions appended to 
the latter has, however, been dispensed with here, and will 
be found in the “ Examinations in Natural History,” which 
has been recently prepared by the Author, and which con- 
tains a progressive series of questions adapted to his 
Introductory and Advanced Text-books, and to his Stu- 
dents’ Manual of Zoology. A few additional illustrations 
have also been added where they appeared to be desirable. 
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INTRODUCTION. 
I. DEFINITION OF BIOLOGY AND ZOOLOGY. 


ALL natural objects may be roughly divided into three groups 
constituting the so - called Mineral, Animal, and Végetable 
kingdoms. The objects comprised in the mineral kingdom are 
all devoid of life, and they exhibit the following characters : 
a. Their chemical: composition is simple. They consist of 
either a single element, as is the case, for instance, with native 
gold; or, if combined, they almost always occur in nature in the 
form of simple compounds, composed of no more than two or 
three elements—as, for example, common salt, limestone, plas- 
ter of Paris, and many others. &. Mineral bodies are, when 
unmixed, composed of similar particles, which have no definite 
relations to one another, or, in other words, they are ommo- 
geneous. c. The form of mineral bodies is either altogether 
indefinite, when they are said to be “amorphous;” or, if they 
have a definite shape, they are crystalline, in which case they 
are usually bounded by plane surfaces and straight lines. d. 
When mineral bodies increase in size, as crystals may do, the 
increase is produced simply by the addition of particles from 
the outside (technically called “ accretion”). ¢. Mineral bodies 
exhibit no phenomena which are not purely physical and chem- 
ical, and they show no tendency to periodic changes of any 
kind. 

All the bodies which exhibit these characteristics properly 
belong to the mineral kingdom, and fall to be treated of by the 
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sciences of Geology, Mineralogy, Chemistry, and Physics. It 
should be borne in mind, however, that in the case of what are 
called “fossils” or ‘“petrifactions,” we have mineral bodies 
which owe their existence and characters to living beings which 
existed at former periods in the history of the earth. For this 
reason, fossils, though composed of mineral matter, can hardly 
be said properly to belong to the mineral kingdom. 

On the other hand, the objects which belong to the animal 
and vegetable kingdoms differ from those which are comprised 
in the mineral kingdom in the following points : a. They are_ 
composed of few chemical elements, of which carbon, hydro- 
gen, oxygen, and nitrogen are the most important ; and these 
elements are combined to form complex organic compounds, 
which always contain a large proportion of water, are very un- 
stable, and are prone to spontaneous decomposition. 3. They 
are composed of diverse or heterogeneous parts, which have 
usually more or less definite relations to one another. These 
heterogeneous but related parts are termed “ organs,” and the 
objects possessing them are said to be “ organised.” Some of 
the lowest forms of animals have bodies composed of so uni- 
form a substance that they cannot be said to be organised, as 
they exhibit no definite organs. This exception, however, does 
not affect the general value of this distinction. ¢. They are al- 
ways more or less definite in shape, presenting concave and 
convex surfacés, and being bounded by curved lines. ad. When 
they increase in size, or “ grow,” they do so, not by the addition 
of particles from the outside, but by the reception of foreign 
matter into their interior and its assimilation there (technically 
called intussusception”). ¢. Lastly, they invariably pass through 
certain periodic changes in a definite and discoverable order ; 
these changes constituting 7. 

All the objects, then, which fulfil these conditions, are said 
to be alive; and they all belong either to the animal or to the 
vegetable kingdom.* The study of living objects of all kinds, 
irrespective of which kingdom they belong to, is conveniently 
called by the general name of Biology (Gr. bios, lite; and logos, 
discourse). As all living objects, however, may be referred to 
one or other of these two kingdoms, so Biology may be divided 


* As will be mentioned immediately, it has been proposed to form an intermediate 
kingdom between the animal and vegetable kingdoms for the reception of organisms 
which cannot certainly be stated to be either plants or animals. There does not ap- 
pear, however, to be any necessity for his in the meanwhile, 
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into the two sciences of Boftazy, which treats of plants, and 
Zoology (Gr. zoén, animal; logos, discourse), which treats. of 
animals. The term Natural History, again, is generally under- 
stood nowadays as being equivalent to Zoology alone, though 
originally it was applied to the study of all natural objects in- 
discriminately. | 


2, DIFFERENCES BETWEEN ANIMALS AND PLANTS. 


It now becomes necessary to inquire into the differences 
which subsist between animals and plants, and which enable 
us to separate the kindred sciences of Zoology and Botany. It 
might have been thought that nothing could be easier than to 
determine the animal or vegetable nature of any given organism ; 
and such, indeed, was the almost universal belief of older ob- 
servers. In point of fact, however, no hard-and-fast line can be 
drawn, in the present state of our knowledge, between the ani- 
mal and vegetable kingdoms, and it is often a matter of extreme 
difficulty, or even wholly impossible, to decide positively whe- 
ther we are dealing with an animal ora plant. So deeply has 
this difficulty been felt of late, that a most able zoologist—Dr 
Ernst Haeckel—has proposed to form an intermediate kingdom, 
which he calls the Regnum Protisticum, and in which he pro- 
poses to place all organisms of a doubtful character. Even such 
a cautious observer as Professor Rolleston, whilst questioning 
the propriety of this step, is forced to come to.the conclusion 
that “there are organisms which at one period of their life ex- 
hibit an aggregate of phenomena such as to justify us in speak- 
ing of them as animals, whilst at another they appear to be as 
distinctly vegetable.” In the case of the higher members of the 
two kingdoms there is no difficulty in arriving at a decision. 
The higher animals are readily separated from the higher plants 
by the possession of a distinct nervous system, of locomotive 
power which can be voluntarily exercised, and of an internal 
cavity fitted for the reception and digestion of solid food. The 
higher plants, on the other hand, possess no nervous system or 
organs of sense, are incapable of voluntary changes of place, 
and are not.provided with any definite internal cavity, their 
food being wholly fluid or gaseous. 


The lower animals (Protozoa) cannot, however, be separated in many 
cases from the lower plants (Protophyta) by these distinctions, since 
many of the former have no digestive cavity, and are destitute of a ner- 
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vous system, and many of the latter possess the power of active locomo- 
tion. In determining, therefore, the nature of these ambiguous organ- 
isms, the following are the chief points to be attended to :— 

firstly, As to mere form or external configuration, no certain rules can 
be laid down for separating animals and plants. Many of the lower 
plants, either in their earlier stages of existence or when grown up, are 
exactly similar in form to some of the lower animals. This is the case, 
for example, in some of the Alege, which closely resemble some of the 
Infusorian animalcules. Many undoubted animals, again, are rooted to 
solid objects in their adult state, and are so plant-like in appearance as 
to be always popularly regarded as vegetables. This is the case with 
many of the so-called hydroid zoophytes, such as the sea-firs, and also 
with the much more highly organised sea-mats (/Zustra), all of which 
are usually regarded as sea-weeds by seaside visitors. ‘This is also, but 
less strikingly, the case with the corals and sea-anemones, of which the 
latter are often spoken of as ‘‘sea-flowers.” 

Secondly, No decided distinction can be drawn between animals and. 
plants as to their minute ézternal structure. Both alike consist essen- 
tially of minute solid particles (molecules or granules), of cells, or of 
fibres. 

Thirdly, As regards chemical composition, there are some decided, 
though not universal, differences between plants and animals: Asa 
general rule, it may be stated that plants exhibit a decided predominance 
of what are known to chemists as ‘‘ ternary compounds ”—that is to say, 
compounds which, like sugar, starch, and cellulose, are composed of the 
three elements, carbon, hydrogen, and oxygen. ‘They are, compara- 
tively speaking, poorly supplied with ‘‘ quaternary” compounds, which 
contain the fourth element, nitrogen, in addition to the three first 
mentioned. Animals, on the other hand, are rich in quaternary 
nitrogenised compounds, such as albumen or fibrine. Still in both 
kingdoms we find nitrogenised and non-nitrogenised compounds, and 
it is only in the proportion which these bear to one another in the 
organism that animals differ in any way from plants. The most 
characteristic of all vegetable compounds is the one known as cellulose, 
very nearly allied in its chemical composition to ordinary starch. As 
a general rule, it may be stated that the presence of an external envelope ~ 
of cellulose in any organism raises a strong presumption as to its vege- 
table nature. Still cellulose is not exclusively confined to plants, as 
was at one time believed. It is now well known that the outer cover- 
ing of the so-called sea-squirts or Ascidian Molluscs contains a large 
quantity of cellulose (as much as 60 per cent in some cases); and 
recent researches seem to prove that this substance is present also in 
some of the lower forms of animal life. Another highly characteristic 
vegetable product is chlorophyll, the green colouring-matter of plants. 
Any organism which exhibits chlorophyll in any quantity as a proper 
element of its tissues is most probably vegetable. In this case also, 
however, the presence of chlorophyll cannot be regarded as a certain 
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test, since it occurs regularly in some undoubted animals (¢.¢., Stestor 
amongst the /uzfusoria, and the Hydra viridis, or green fresh-water 
polype, amongst the Ce/lenterata). 

Fourthly, As regards locomotive power, or the ability to effect changes 
of place at will, the results of observation are singularly at variance with 
our preconceived notions. Before the invention of the microscope, no 
instances of independent voluntary movements. were known in plants, if 
we except the voluntary opening and closure of flowers and their turning 
. towards the sun, the drooping of the leaves of sensitive plants under 
irritation, and some other phenomena of a like nature. Now, however, 
we know of many plants which are endowed, either when young or 
throughout life, with the power of effecting voluntary movements appar- 
ently as spontaneous and independent as those exhibited by the lower 
animals. In some cases the movements are brought about by means of 
little vibrating hairs or cilia with which a part or the whole of the sur- 
face is furnished. In other cases the movements seem to be certainly 
not produced by cilia, but their exact cause is obscure (¢.g., in the 
Diatomacee and Desmidie, two of the lower orders of plants, all of 
which are microscopic in size). When it is added that many animals 
are permanently fixed and rooted to solid objects in their fully-grown 
condition, it will be seen that no absolute distinction can be drawn 
between animals and plants merely on the ground of the presence or 
absence of independent locomotive power. 

Fifthly, We have shortly to consider one of the most reliable of all the 
tests by which an animal may be separated from a plant—namely, the 
nature of the food, and the products which are formed out of the food 
within the body. 

The differences between animals and plants in this respect may be 
roughly stated as follows :— 

. I. Plants live upon purely inorganic substances, such as water, car- 
bonic acid, and ammonia—and they have the power of making out 
of these true organic substances, such as starch, cellulose, sugar, &c. 
Plants, therefore, take as food very simple bodies, and manufacture 
them into much more complex substances, so that plants are the great 
producers in nature. 

2. Plants in the process of digestion break up carbonic acid into the 
two elements of which it is composed—namely, carbon and oxygen, 
keeping the carbon and setting free the oxygen. As carbonic acid 
occurs always in the air in small quantities, the result of this is that 
plants remove carbonic acid from the atmosphere and give out oxygen. 

3. Animals, on the other hand, have no power of living on inorganic 
matters, such as water, carbonic acid, and ammonia. They haye no 
power of converting these into the complex organic substances of which 
their bodies are composed. On the contrary, animals require to be 
supplied with ready-made organic compounds if their existence is to be 
maintained. These they can only get in the first place from plants, and 

therefore animals are all dependent upon plants for food either directly 
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or indirectly. Animals, therefore, differ from plants in requiring as 
food complex organic bodies which they ultimately reduce to very much 
simpler inorganic bodies. Whilst plants, then, are the great manu- 
facturers in nature, animals are the great consumers. Another distinc- 
tion arising from the nature of their food is, that whilst plants decom- 
pose carbonic acid, keeping the carbon and setting free the oxygen, 
animals absorb oxygen and give out carbonic acid, so that their reaction 
upon the atmosphere is the reverse of that of plants. 


As regards these general distinctions between plants and animals, there 
are three points which should be remembered :— 

1. That even if universally true, these distinctions can often not be 
applied in practice to the ambiguous microscopic organisms about which 
alone any doubt can be entertained. 

2. These general laws are certainly not cf universal application in the 
case of plants. Some fungi are known which in the matter of food are 
animals—that is to say, they cannot live upon inorganic materials alone, 
but require ready-made organic products for their support. 

3.. Recent researches have rendered it not unlikely that some of the 
lower animals have the power of acting as plants, and of manufacturing 
organic compounds out of inorganic materials. 


3. CLASSIFICATION. 


By the term classification is understood the arrangement of a 
number of dissimilar objects of any kind into larger or smaller 
eroups according as they exhibit more or less likeness to one 
another. The number of different animals is so enormous that 
it was long ago perceived that some classification of them, or 
method of arranging them into groups, was absolutely indispen- 
sable. Without some such arrangement it would have been 
utterly impossible to have ever acquired a clear notion of the 
animal kingdom asawhole. In the older arrangements animals 
were grouped in accordance with some particular character, 
which might or might not be a really essential one; and the 
result was that these classifications were “artificial,” and not 
“natural,” as they are when a@// the characters are taken into 
consideration. To take a familiar example of this: when we 
speak of “quadrupeds,” we really do so in consequence of our 
having, consciously or unconsciously, formed something like a 
rough classification of the animal kingdom. We have a dim 
idea that all animals with four legs belong together somehow, 
and forma single group. Our classification, however, is founded 
upon a single character only—the possession, namely, of four 
legs; and it is, therefore, a purely artificial arrangement. It 
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will, however, be practically good or bad, just as this single 
character expresses a genuine and fundamental distinction, or 
is of a merely trivial and superficial nature. The instance 
here chosen will serve to illustrate either case. If we insist 
upon the fact that all the four legs must be externally visible, 
unmistakable legs, never fewer in number than four, then our 
classification is a very bad one, in fact entirely “artificial.” In 
this case our group of ‘quadrupeds” will comprise only the 
ordinary four-legged mammals, such as oxen, sheep, horses, and 
suchlike—together with the very dissimilar groups of the four- 
legged reptiles and amphibians, such as tortoises, lizards, 
crocodiles, frogs, and newts. Now these different animals 
have certainly much in common, but we are not justified in 
placing them together simply upon the ground that they have 
four conspicuous legs, unless we are willing to put in a vast 
number of other animals as well. We must, in fact, put ina 
great number of animals which are not quadrupeds in the sense 
that they have four legs, but which agree with those that have 
four legs in the other fundamental and essential points of their 
structure. In this way we may arrive at a very genuine and 
natural classification by making some concessions. We must 
allow, for instance, that two of the legs or limbs, ceasing to be 
fit for walking, may be converted into organs of flight, or wzngs. 
This will let in the birds. We must allow, again, that all the 
limbs may be converted into fizs. This admits most of the 
fishes. We must further grant that two of the legs may be 
altogether absent, whilst the remaining two are converted into_ 
swimming-paddles. This will bring inthe whales and dolphins. 
Lastly—and this is the greatest admission of all—we must allow 
the total absence of a// the limbs, provided the animal only 
show those other essential characters which are invariably found 
to go along with the possession of four legs in the regular quad- 
rupeds. This will bring in the snakes and some of the fishes. 
So that, paradoxical as it may seem, it is in one sense scientifi- 
cally correct to speak of a snake as a quadruped, though in 
reality it has no legs at all. In other words, there is no reason 
why a snake should not some day be found with four legs, and 
in point of fact some snakes show rudiments of these append- 
ages. Making these allowances, and some more of a similar 
nature, we may ultimately succeed in converting our division of 
Quadrupeds into a strictly scientific group, comprising the 
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Mammals, the Birds, the Reptiles, the Amphibia, and the Fishes. 
In fact, our group of Quadrupeds now agrees exactly with the 
great and natural division of the Vertebrata, or vertebrate 
animals. It is true that a// vertebrate animals have not got four 
limbs, or not obviously so, but they never have more than four 
under any circumstances; and a closer examination soon shows 
us that they agree with one another in many other characters 
which are of much greater importance than the characters of 
the limbs alone. 

We have arrived, then, at the grand principle of all good 
classification—namely, that we should group together those 
objects only which are united by essential and fundamental 
points of similarity, and that in so doing we should ignore 
all mere superficial resemblances. The question now arises, 
What are these essential and fundamental points in the case of 
animals? . 

If for the moment we look at animals simply as so many 
machines, we shall not find much difficulty in answering this 
question. Let us suppose ourselves placed in a gigantic work- 
shop full of an immense number of complicated and curiously- 
constructed machines of different sorts, and asked to put them 
in order—to put those of one kind in one place, and those of 
another kind jin a different place. How should we proceed to 
act? Supposing, in the first place, that all the machines were 
at a stand-still, all that could be done would be to examine 
carefully the external form and internal structure of each, and 
to do our best to pick out some peculiarity which would distin- 
guish some from all the others. In this way, if our mechanical 
knowledge were sufficiently extensive, we should no doubt 
ultimately succeed in classing all our machines into something 
like a rough natural arrangement. We should, for instance, 
have those made on the principle of the lever in one place, 
those on the principle of the inclined plane in another, and | 
those on the principle of the pulley in a third. Still our classi- 
fication would most certainly be imperfect, and in some cases 
altogether incorrect. In some instances the parts of the ma- 
chine would be so complex as to be utterly incomprehensible, 
and in many cases our ignorance of what each was intended 
to effect would be an insuperable bar to our arriving at any 
arrangement. Suppose now, however, that all the machines 
were suddenly set in motion, so that we could see not only the 
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manner in which they were constructed and the materials of 
which they were composed, but could also see what they could 
do—could see, in fact, for what work each is intended. The task 
of arrangement now becomes immensely easier. Our previous 
classification, founded simply upon the structure of the ma- 
chines, is now supplemented and rectified by our knowledge of 
what each is able to effect. One machine is found performing 
one set of actions, another a different set; and in this way not 
only is our classification rendered much easier, but we now get 
an insight into the meaning and nature of ntany points of 
structure which were formerly obscure. 

To make this illustration fully meet the case of the naturalist 
who deals with living beings only, we have simply to suppose 
that the machines to be examined are reasonably perfect in their 
parts and fit for work, and that our imaginary workshop is sup- 
plied with areasonable amount of light, not very brilliant, perhaps, 
and striking upon some objects more sharply than on others, but 
still upon the whole moderately steady and uniform. Far worse, 
however, is the case of the naturalist who has to deal with the 
remainsof extinct generations of animals and plants, whose work 
lies amongst those relics of a bygone world which are known as 
“fossils” or “ petrifactions”—objects in many cases more won- 
derful and more perplexing and more beautiful than the most 
ornate and elaborate productions of human skill. In his case the 
workshop is a vast and gloomy vault or charnel-house, with no 
internal source of light, and but fitfully illuminated by uncertain 
gleams from the world without. And what is worse than this, 
his machines are mutilated and defaced, in many cases wanting 
their most important parts, in all cases destitute of life and 
motion, and usually very unlike anything visible at the present 
day. Nevertheless it is almost incredible with what certainty 
and precision a mere fragment of a fossil, a single tooth or 
bone, can be referred bya skilled worker in this field of science 
to its proper place in the animal kingdom—with what exacti- 
tude the missing parts can be restored—and what splendid gen- 
eralisations can be drawn from what at first sight would appear 
to be the most fragmentary evidence. 

This imaginary illustration exactly expresses the points which 
are to be regarded as essential and fundamental in classifying 
and arranging animals. We have to look, namely, jrstly, to the 
plan upon which each animal is constructed; secondly, to the 
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manner in which it discharges its vital functions. These are 
the two points of view from which every organism may be re- 
garded—in their nature quite distinct, and indeed sometimes 
apparently opposite. From the one point of view we have to 
look solely to the laws, form, and arrangement of the structures 
of the organism. This constitutes what is technically called 
“Morphology,” or the science*of form (from the Greek words, 
morphé, form; and /ogos, a discourse). From the second point 
of view, we are concerned simply with the /wzctions discharged 
by the different parts of the organism, and this constitutes what 
is known as “ Physiology.” It is most important to remember 
that there are no other points in which it is possible for one 
animal to differ from another. If two animals are different, they 
must differ in one or other or in both of these points. Either 
they differ sorphologically, in being constructed upon altoge- 
ther different plans; or they differ physéologically, in performing 
a different amount of vital work in a different manner, and with 
different instruments ; or they differ both morphologically and 
physiologically. Philosophical classification, therefore, inso- 
much as it depends entirely upon a due appreciation of what 
are the real differences between different animals, is nothing 
more than an attempt to express formally the facts and laws of 
Morphology and Physiology. 

Examining next into the nature and extent of the morpho- 
logical or structural differences between different animals, we 
find that these are much less and much fewer than might have 
been thought. By one not previously acquainted with the sub- 
ject, it might readily be supposed that every kind of animal was 
constructed upon atype or plan peculiar to itself and not shared 
by any other. We should certainly suppose, for example, that 
animals so different as a lobster and a butterfly were built upon 
different types or plans of structure. When we come, however, 
to examine the question, we find that this is not the case. The 
lobster and the butterfly are constructed upon the same struc- 
tural plan or morphological type. What is still more remark- 
able, we find that a// known animals, in spite of their immense 
differences in external appearance, are really constructed upon 
no more than some half-dozen primary plans of structure or 
morphological types. These types are all different from one 
another, but there is no animal yet known to us, living or ex- 
tinct, which cannot be referred to one or other of these six 
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plans. These plans, then, give us the primary basis for a classi- 
fication of the animal kingdom—all the animals formed upon 
one plan being grouped together so as to forma single division. 
The animal kingdom, therefore, is primarily divided into six 
great sections corresponding to the six morphological types, and 
these sections are known to naturalists under the name of the 
“sub-kingdoms.” Each of these sub-kingdoms has its special 
name, and it is the object of the present work to describe the 
leading characters and more important éxamples of each. 

We have to understand, then, that all the animals belonging 
to each sub-kingdom agree with one another in their morpho- 
logical type, or, in other words, in the plan upon which they are 
constructed ; and the question now arises how they can be 
separated from each other. If they agree morphologically, there 
is only one other way in which they cam differ, and that is phy- 
stologically, in the manner in which they discharge their vital 
functions. Consequently, all animals which agree with one 
another in their plan of structure, and which are therefore 
placed in the same sub-kingdom, are separated from one another 
solely by their physiological perfection. In other words, as 
machines, they are constructed of the same fundamental parts, 
but they do their work in a different way and with different 
instruments. 

Returning to our old illustration, suppose we had separated 
from the mass of machines before us all those which were in- 
tended to mark the lapse of time, and had in this way assem- 
bled a large collection of hour-glasses, watches, timepieces, 
and clocks, and suppose that we wanted to arrange these more 
minutely, we should soon discover that each of these different 
time-keepers was formed upon a principle peculiar to itself. 
The hour-glasses, as the most simple, would form one division ; 
the timepieces and clocks, possessing pendulums, would form 
another; and the watches would form a third. These, as being 
constructed upon different plans, would :constitute three distinct 
groups, which we should call classes or sub-kingdoms accord- 
ing to the value we might see fit to place upon the differences 
between them. But we must further suppose that we wished 
to divide one of these groups—say the watches—into still 
smaller groups. If they were all standing, we should probably 
find this a matter of very great difficulty. The moment, how- 
ever, that they commenced to go—or, in other words, to per- 
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form their own peculiar function—we should soon see that 
some would be different to the others. Some, for instance, 
would strike the hours, and these would have to be laid aside 
in a group by themselves. And we should further discover 
that in accordance with the difference in the /wzctzon, there 
would be an equivalent difference in the structure, of these two 
groups. The striking watches would be formed upon the same 
fundamental type as those which did not strike; but, in addition 
to the broad and general details of structure in which all were 
the same, the striking watches would have a special apparatus or 
structure fitted for striking the hours, The non-striking watches 
would be destitute of this apparatus, so that the physiological 
or functional difference between the two groups would thus 
entail a corresponding difference in structure. 

It is just the same with animals. If we take a lobster, a 
butterfly, a scorpion, and a spider, we find that, dissimilar as 
they are in external appearance, they are all constructed upon 
the same fundamental plan. They agree in morphological type, 
and they belong to the samesub-kingdom. They lead different 
lives, however—they are placed under different conditions—and 
they discharge different functions in the general economy of 
nature. They differ, therefore, physiologically ; and as every 
physiological difference implies a corresponding structural dif- 
ference, they differ structurally as well. But they differ struc- 
turally only decause they differ physiologically, and in all the 
really essential details of their structure they are the same. 
The lobster is aquatic in its habits, and has therefore gills, or 
organs adapted for breathing air dissolved in water. The but- 
terfly is aerial, and has respiratory organs adapted for breathing 
air directly, and not through the medium of water. They differ, 
then, physiologically, and therefore, necessarily, in the corre- 
sponding structure. Both, however, have distinct organs set 
apart and dedicated to the function of respiration. This is an 
essential and fundamental point in their structure, and in this 
they both agree with one another and differ from a large number 
of animals in which there are wo distinct breathing-organs. It is 
only by the combined effect of a number of these physiological 
differences, taken collectively, that the lobster and the butterfly 
come ultimately to be so strikingly distinct from one another. 

It is now possible to comprehend fully the principles upon 
which a naturalist proceeds in framing a classification of the 
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animal kingdom. His great primary divisions are founded 
upon differences in the fundamental details of structure. His 
smaller divisions are based upon the less important physiological 
differences with their corresponding structural distinctions. Of 
course, in carrying out this programme of a truly philosophical 
and natural classification, the naturalist works to a great extent 
in the dark, and is liable to many sources of error. It is by no 
means always easy to determine what points of structure are 
essential and fundamental, and what are only caused, by physio- 
logical differences. Such, too, is the constitution of the human 
mind, that different observers place different values upon the 
same structures; points which some look upon as of essential 
value are regarded by others as of a merely superficial nature. 
Nevertheless there can be no doubt that the progress of 
Natural History as a science has been strictly conterminous 
with the development of these great principles of classification. 

In the present work an outline is given of the morphological 
differences between all the larger groups of the animal kingdom, 
but it may be as well here to say a few words upon the subject 
of Physiology. As already remarked, Physiology treats of all 
the functions exercised by living bodies, or discharged by the 
various definite parts or organs of which most animals are 
composed. All these various functions come under three great 
heads: 1. Munctions of Nutrition, comprising all those func- 
tions by means of which an animal is able to live, grow, and 
maintain its existence as an individual. 2. Puzctions of Repro- 
duction, comprising all the functions by which fresh individuals 
are produced and the perpetuation of the sfeczes insured. 3. A 
series of functions which are known by the somewhat mis- 
leading name of the Functions of Relation or of Correlation. 
Under this term are included all those functions by means of 
which external objects are brought into ve/aézonx with the or- 
ganism, and by which it, in turn, reacts upon the outer world. 
The functions of nutrition and reproduction are often spoken 
of collectively as the functions of “organic” or “vegetative” 
life, as being common to animals and plants alike. The func- 
tions of relation, again, are often called the functions of 
“animal” life, as being most highly developed in animals. 
These functions, however, though more highly characteristic of 
animals, are not peculiar, to them, but are manifested to a 
greater or less extent by various plants, 
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As regards animals, all alike, whatever their structure may 
be, perform the three great physiological functions—that is to 
say, they all nourish themselves, reproduce their like, directly or 
indirectly, and have certain relations with the external world. 
When we come, however, to compare animals together physio- 
logically, it is soon seen that the functions of relation stand in 
quite a different position to that occupied by the functions of 
nutrition and reproduction. As far as these last are concerned, 
there can be no difference in the amount or perfection of the 
function discharged by the organism. The simplest and most 
degraded of animals—say a sponge—nourishes itself as per- 
fectly, as far as the result to itself is concerned, as does the 
highest of animals. Nutrition can do no more than maintain 
the body of any animal in a healthy and vigorous condition. 
This is the highest possible perfection of the function, and it 
is attained as fully and perfectly by the sponge as it is by man 
-himself. The same holds good of reproduction. Whilst the 
functions of nutrition and reproduction are thus, as regards 
their essence and results, the same in all animals, it must be 
remembered that there are enormous differences in the manner 
in which the functions are discharged. The result attained 
is in all cases the same, but it may be arrived at in the most 
different ways and with the most different apparatus. As re- 
gards the functions of relation, on the other hand, we have 
every possible grade of perfection exhibited as we ascend from 
the lowest members of the animal kingdom to the highest. So 
numerous, in fact, are the changes in these functions, and so 
great the additions which are made in the higher organisms, 
that it may be doubted if there exists any common element by 
which a comparison can be drawn on this bead between the 
higher and lower animals. It may reasonably be doubted 
whether in this respect a horse or a dog has anything in com- 
mon with a sponge. 

_ Instead of giving here a general sketch of each of the great phy- 
siological functions as a whole, it may be as well to accompany 
the morphological account of each primary division of animals 
with a short account of the manner in which the vital functions 
are carried out in the same. In this way a clearer view will 
be obtained of the gradual rise in physiological perfection in 
passing from the bottom to the summit of the animal series. 

HOMOLOGY AND ANALOGY.—In connection with the morpho- 
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logical and physiological differences between animals, a short 
explanation may be given of the meaning of the terms Homo- 
logy and Analogy, which are in constant use in zoological 
works. When organs in different animals agree with one 
another in their plan of structure, they are said to be “homo- 
logous,” no matter what may be the functions which they per- 
form. For example, the arm of a man, the fore-leg of a horse, 
the wing of a bird, and the swimming-paddle of a dolphin or 
whale, are all composed essentially of the same structural ele- 
ments, and they are therefore said to be homologous, though 
they are fitted for altogether different functions. 

On the other hand, when organs in different animals perform 
the same functions, they are said to be “analogous,” whatever 
their fundamental structure may be. Thus the wing of a bat, 
the wing of a bird, and the wing of an insect, all serve for flight, 
and they are therefore “analogous” organs. They are all, 
however, constructed upon different plans, and they are, there- 
fore, not “homologous.” At the same time, however, it is to be 
remembered that there are plenty of cases in which organs in 
different animals are not only constructed upon the same plan, 
but also perform the same function, so that they are dot homo- 
logous and analogous. 


GENERAL DIVISIONS OF THE ANIMAL KINGDOM. 


As already stated, the entire animal kingdom may be divided 
into some half-dozen primary plans of structure or morphologi- 
cal types, to one or other of which every known animal is refer- 
able. These primary types are known to naturalists as the szé- 
kingdoms, under the following names: Protozoa, Celenterata, 
Annuloida, Annulosa, Mollusca, and Vertebrata. The charac- 
ters and minor subdivisions of these sub-kingdoms form’ the 
subject of the remainder of this work. In the meanwhile, it is 
sufficient to state that the first five of these are often grouped 
together under the collective name of the /uvertebrata, or “in- 
vertebrate animals.” The /zvertebrata, comprising the Protozoa, 
Caelenterata, Annuloida, Annulosa, and Mollusca, are collec- 
tively distinguished by the following points amongst others: 
The body, if divided transversely, or cut in two, shows only a 
single tube containing all the vital organs (fig. 1, A). These 
organs, in the higher /zvertebrata, consist of an alimentary or 
digestive cavity, a circulatory or ‘‘hamal” system, and a ner- 
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vous or “neural” system. The side of the body on which the 
“hemal” or blood-vascular system is placed is called the 
“hgemal aspect ;” whilst the side of the body on which the 
main masses of the nervous system are situated is called the 
“neural aspect.” When there is any skeleton, this is eaternal 
(forming an ‘“exo-skeleton”), and it is really nothing more than 
a hardening of the skin. The limbs, when present, are turned 
towards the neural aspect of the body. 

In the Vertebrata, on the other hand, the body, if transversely 
divided, exhibits ¢wo tubes. In one (fig. 1, B) is placed the main 
mass of the nervous system (the brain and spinal cord). In the 


Fig. 1.—Diagrams representing transverse sections of one of the higher Invertebrata, 
A—and one of the Vertebrata, B. a Wall of the body; 4 Alimentary canal; 
¢ Hzmal or blood-vascular system ; z Nervous system; 2’ Cerebro-spinal axis, 
or brain and spinal cord of the Vertebrata, enclosed in a separate tube ; ch Noto- 
chord or chorda dorsalis. (Slightly altered from Huxley.) 

other tube are the alimentary canal, the hemal or blood-vascu- 
lar system, and certain other portions of the nervous system 
which are known as the “sympathetic ” system of nerves, and 
which correspond to, or are homologous with, the entire ner- 
vous system of the Invertebrata. Further, in the Vertebrata 
there is always an zwz¢ermal skeleton (or endo-skeleton), the cen- 
tral stem of which is usually constituted by a true backbone or 
“vertebral column.” When this is not present, there is always 
a structure which will be afterwards described as the ‘ noto- 
chord” or ‘“chorda dorsalis.” Lastly, the limbs of the Verde- 
érata, when present, are never more than four in number, and 
they are always turned away from the neural aspect of the 
body—away, that is, from the side on which the main masses of 
the nervous system are placed. 

Subjoined is a short tabular view of the main existing divi- 

sions of the Animal Kingdom, the characters and smaller divi- 
sions of which will be considered hereafter at length :— 
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INVERTEBRATE ‘ANIMALS. 


Sus-K1INGDOM I.—PROTOZOA. 


Animal simple or forming colonies, usually very minute; the body 
composed of the structureless, jelly-like, albuminous substance called 
“‘sarcode ;” not divided into regular segments ; having no nervous 
system ; no regular circulatory system; usually no mouth ; no definite 
body-cavity, or at most but a short gullet. 

Crass A. GREGARINID#.—Minute Protozoa which inhabit the in- 
terior of insects and other animals, and which have not the power of 
throwing out prolongations of their substance (pseudopodia). No mouth. 

Ciass B. RHIZOPODA (Root-footed Protozoa).—Protozoa which are 
simple or compound, and have the power of throwing out and retract- 
ing prolongations of the body-substance (the so-called “ pseudopodia”’). 
No mouth, in most, if not in all. ’ 

Order 1. Alonera.—Ex. Protogenes. 

Order 2. Amebea.—Ex. Proteus Animalcule (Amceba), 

Order 3. Foraminifera.—Ex. Lagena, Nodosaria, Globigerina. 

Order 4. Radiolaria.—Ex. Thalassicolla, Polycystina. 

Order 5. Stongita.—Lx. Fresh-water Sponge (Spongilla), Ve- 
nus’s Flower-Basket (Euplectella). 

Cuiass C. INFusoriIA (Infusorian Animalcules).—Protozoa with a 
mouth and short gullet ; destitute of the power of emitting pseudopodia; 
furnished with vibratile cilia or contractile filaments; the body usually 
composed of three distinct layers. 

Order 1. Cilata.—Ex. Bell-animalcule (Vorticella), Paramoecium, 
Order 2. Flagellata.—Ex. Peranema. 
Order 3. Szctorta.—Hx. Podophyra. 


'SUB-KINGDOM IJ.—C@LENTERATA. 


Animals whose alimentary canal communicates freely with the general 
cavity of the body ; body composed essentially of two layers or mem- 
branes, an outer layer or ‘ ectoderm,” and an inner layer or ‘‘ en- 
doderm.” No circulatory system or heart, and in most no nervous 
system. Skin furnished with minute stinging organs, or ‘‘ thread-cells.”’ 
Distinct reproductive organs in all. 

Cass A. HypRozoa.—Walls of the digestive sac not separated from — 
. those of the general body-cavity, the two coinciding with one another. 
Reproductive organs external. 

Sub-class I. Hyproipa (Hydroid Zoophytes). 

Order 1. Aydroida.—Ex. Fresh-water Polype (Hydra). 
Order 2. Corynida.—Ex. Pipe-coralline (Tubularia). 
Order 3. Sertularida.— Ex. Sea-firs (Sertularia). 

Sub-class II. StPHONOPHORA (Oceanic Hydrozoa). 

Order 4. Calycophoride.—Ex. Diphyes. 
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Order 5. Physophoride.—Ex. Portuguese Man-of-War (Physalia). 

Sub-class III. DiscopHoRA (Jelly-fish). 

Order 6. Meduside.—Ex. Trachynema. 

Sub-class [V. LUCERNARIDA (Sea-blubbers). 

Order 7. Lucernariade.—Ex. Lucernaria. 

Order 8. FPelagide.—L£x. Pelagia. 

Order 9. Rhizostomide.—Ex. Rhizostoma. 

Sub-class V. GRAPTOLITID& (extinct). 

Crass B. ACTINOZOA.— Stomach opening below into the body-cavity, 
which is divided into a eld of compartments by a series of vertical 
partitions or ‘‘mesenteries.” Reproductive organs internal. 

Order 1. Zoantharia.—Tentacles simply rounded, in multiples of 
five or six.--£x. Sea-anemones (Actinidee), Star- 
corals (Astreeidee), Brain-corals (Meandrina), Madre- 
pores (Madreporidez). 

Order 2. Alcyonaria.—Tentacles fringed, in multiples of four.—Zx, 
Dead-man’s-toes (Alcyonium), Organ-pipe Coral (Tubi- 
pora), Sea-rods (Virgularia), Sea-pens , (Pennatula), 
Red Coral (Corallium). 

Order 3. Azugosa (extinct). 

Order 4. Ctenophora.—Animal oceanic, swimming by means of 
bands of cilia or ‘‘ ctenophores.”—Zx. Pleurobrachia, 
Venus’s Girdle (Cestum). 


SuB-KiInGpoM III.—ANNULOIDA. 


Animals in which the alimentary canal is completely shut off from the 
_ general cavity of the body, and in which there is a distinct nervous 
system. A true blood-circulatory system may or may not be present. 
In all there is a peculiar system of canals, which usually communicate 
with the exterior, and which constitute what is called the ‘‘ water- 
vascular system.” The body of the adult is never composed of a suc- 
cession of definite rings, or provided with successive pairs of appendages 
disposed symmetrically on the two sides of the body. 

The Annuloida are divided into two great classes :-— 

A. ECHINODERMATA.—Integument composed of numerous calcare- 
ous plates jointed together, or leathery and having grains, spines, or 
tubercles of calcareous matter developed in it. WW atex-vasculat ‘system 
(ambulacral system) mostly employed in locomotion, and generally 
communicating with the exterior. Adult generally more or less star-like 
or ‘‘radiate” in shape ; young mostly showing more or less complete 
‘bilateral symmetry,”’—that is, showing similar parts on the two sides 
of the body. Nervous system radiate. 

Order I. Crinotdea (Sea-lilies).— Hx. Feather - star (Comatula). 
Medusa-head Crinoid (Pentacrinus), Stone-lily (En- 
crinus. ) 

Order 2. Blastoidea (extinct). 
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Order 3. Cystoidea (extinct). 

Order 4. Ophiuroidea (Brittle-stars).—Zx. Sand-stars (Ophiura), 
Brittle-stars (Ophiocoma). 

Order 5. Asteroidea (Star-fishes).— x. Cross-fish (Uraster), Sun- 
star (Solaster), Cushion-star (Goniaster). 

Order 6. Echinoidea (Sea-urchins). —Zx. Sea-eggs (Echinus), 
Heart-urchins (Spatangus). 

Order 7. Holothuroidea (Sea-cucumbers.—Zx. Trepangs (Holo- 
thuria). 

B. SCOLECIDA.—Body usually flattened, or cylindrical and worm- 
like ; integument soft, without lime. Water-vascular system not assist- 
ing in locomotion. Nervous system consisting of one or two ganglia or 
little masses, and not disposed in a radiate manner. 

Order 1. Zeniada.—Ex. ‘Tape-worm (Teenia). 

Order 2. ZTrematoda (Suctorial worms).—Zx. Liver-fluke (Dis- 
toma). 

Order 3. Zurbellaria. — Hx. fPlanarians (Planaria), Ribbon- 
worms (Nemertes). 

Order 4. Acanthocephala (Thorn-headed worms).—Zx. Echino- 
rhynchus. 

Order 5. Gordiacea (Hair-worms).—Zx. Gordius. 

Order 6. Mematoda(Thread-worms).—Zx. Round-worm (Ascaris), 
Guinea-worm (Filaria), Vinegar-eel (Anguillula). 

Order 7. Rofifera (Wheel-animalcules).—Zx. Builder-animalcule 
(Melicerta), Flexible Creeper (Notommata). 


SuB-KINGDOM IV.—ANNULOSA. 


Animal composed of numerous definite segments or “‘somites,”’ ar- 
ranged longitudinally, one behind the other. Nervous system always 
present, consisting of a double chain of nervous masses, or ganglia, 
which are placed along the lower surface of the body, and form a collar 
around the gullet. Limbs (when present) turned toward that side of the 
body on which the main masses of the nervous system are situated. 

Division A. ANARTHROPODA. — Locomotive appendages, when 
present, not distinctly jointed or articulated to the body. 

Cuass I. GEPHYREA.—£x. Spoon-worms (Sipunculus). 

Cuiass IJ. ANNELIDA (Ringed-worms). 

Order 1. Hirudinea.—L£x. Leeches (Sanguisuga, Hirudo). 

Order 2. Oligocheta. — Ex. Farth-worms (Lumbricus), Water- 
worms (Nais). 

Order 3. Zubicola.—Ex. Tube-worms (Serpula). 

Order 4. Errantia. — Ex. Sand-worms and_ Sea- centipedes 
(Nereis), Lob-worm (Arenicola), Sea-mouse (Aphrodite). 

Crass III. CH@TOGNATHA (Arrow-worms).—£x. Sagitta. 

Division B. ARTHROPODA.—Locomotive appendages jointed or 
articulated to the body. 
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Crass I. CRUSTACEA.—Respiration aquatic, mostly by gills. Two 
pairs of antennze. Limbs more than four pairsin number, carried upon 
the thorax, and generally the abdomen also. 

Order 1. Rhizocephala.—x. Peltogaster. 

Order 2. Lchthyophthira.—Ex. Lernea. 

Order 3. Cirrifedia. — x. Barnacles (Lepas), Acorn - shells 

(Balanus). 
Order 4. Ostracoda.—x. Water-fleas (Cypris). 
Order 5. Copepoda.—Lx. Cyclops. 
Order 6. Cladocera.—L£x. Branched-horned Water-fleas (Daph- 
nia). 

Order 7. Phyllofoda.—Ex. Brine- sarap (Artemia). 

Order 8. 7Zrilodbita (extinct). 

Order 9. Merostomata.—£x. King-crabs (Limulus). 

Order 10. Lemodipoda.—Lx. Whale-louse (Cyamus). 

Order 11. Zsopoda.—Ex. Wood-lice (Oniscus), Slaters (Ligia). 

Order 12. Amphijoda. — Ex. Sandhopper (Talitrus), Fresh- 
water Shrimp (Gammarus). 

Order 13. Stomapoda.—x. Locust-shrimp (Squilla). 

Order 14. Decapoda. — Hx. Lobster (Homarus), Cray - fish 
(Astacus), Shrimps (Crangon) ; Hermit-crabs (Pa- 
gurus); Crabs (Cancer, Carcinus), Land-crabs 
(Gecarcinus). . 

Crass II. ARACHNIDA.—Respiration aerial, by pulmonary chambers 
or air-tubes (trachez) in the higher forms. Antennz converted into 
jaws. Head and thorax amalgamated. Four pairs os legs. Abdo- 
men without limbs. 

Order 1. Podosomata (Sea-spiders).—Zx. Pycnogonum. 

Order 2. Monomerosomata.—Ex. Mites (Acarus), Water - mites 

(Hydrachna), Ticks (Ixodes). 
Order 3. Adelarthrosomata,— Ex. Harvest-spiders (Phalangide), 
Book-scorpions (Chelifer). 

Order 4. FPedipal~:.—Ex. Scorpions (Scorpio). 

Order 5. Araneida.—Ex. WHouse -spiders (Tegenaria), Field- 

spiders (Epeira). 

Crass III. Myriapopa. — Respiration aerial, by tracheze (air- 
tubes) or by the skin. Head distinct ; remainder of body composed of 
nearly similar segments; legs more than eight pairs in number, and 
borne partly upon the abdomen. One pair of antenneze. 

Order 1. Chilopoda.—LEx. Centipedes (Scolopendra). 

Order 2. Chilognatha.—Lx. Millipedes (Iulus). 

Order 3. Pauropoda.— Ex. Pauropus. 

Cuass IV, INsEcTa. — Respiration aerial, by trachese. Head, 
thorax, and abdomen distinct. One pair of antennz. ‘Three pairs of 
legs, and generally two pairs of wings on the thorax. No locomotive 
limbs on the abdomen. 

Order 1. Anoplura.—Ex. Lice (Pediculus). 
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Order 2. Alallophaga (Bird-lice). 
Order 3. ZYhysanura (Springtails). 
Order 4. Hemiptera. — Ex. Plant - lice (Aphides), Field - bug 


(Pentatoma), Cochineal Insects (Coccus). 

Order 5. Orthoptera.—Ex. Locusts (Acrydium), Grasshoppers 
(Gryllus), Crickets (Achetina), Cockroach (Blatta). 

Order 6. Meuroptera.—Ex. White Ants (Termes), Dragon-flies 
(Libellulidze), May-flies (Ephemeridz), 

Order 7. Aphaniptera.—Ex. Fleas (Pulex). 

Order 8. Diptera. — Ex. Gnats (Culex), Crane-flies (Tipula), 
House-flies and Flesh-flies (Musca). 

Order 9. Lepidoptera (Butterflies and Moths). 

Order 10. Hymenoptera. — Ex. Bees (Apidze), Humble - bees 
(Bombidze), Wasps (Vespidz), Ants (Formicidz), 
Saw-flies (Tenthredinide),. 

Order 11. Strepsiptera.—Ex. Stylops. 

Order 12. Coleoptera (Beetles). 


SUB-KINGDOM V.—MOLLUSCA. 


Animal soft-bodied, generally with a hard covering or shell. Ner- 
vous system consisting of a single ganglion or of scattered pairs of 
ganglia. A distinct heart and breathing-organ, or neither. 

The Mollusca may be divided into the two following primary 
divisions, containing the following classes :— 

A. MoLiuscorpA.—Nervous system consisting of a single ganglion 
or of a principal pair of ganglia. -No heart, or an imperfect one. 

CLAss I, PoLyzoa.—Animal always forming compound growths or 
colonies. No heart. The mouth of each zooid sur- 
rounded by a circle or crescent of ciliated tentacles.— 
£x. Sea-mats (Flustra), Lace-coral (Fenestella). 

Crass II, Tunicata,—Animal simple or compound, enclosed in a 
leathery or gristly case. An imperfect heart.—Zx. 
Sea-squirts (Ascidia). 

Crass III. Bracutopopa.—Animal always simple; the body en- 
closed in a bivalve shell. Mouth furnished with two 
long fringed processes or ‘‘arms.”—Zx, Lamp-shells 
(Terebratula). 

B, MoLiusca Proper.—Nervous system consisting of three princi- 
pal pairs of ganglia. Heart well developed, consisting 
of at least two chambers. 

CLAss IV, LAMELLIBRANCHIATA (Bivalve Shell-fish).—No distinct 
head ; no teeth. Body enclosed in a shell which is 
** bivalve,” or composed of two distinct pieces. One 
or two leaf-lke gills on each side of the body.—£x. 
Oyster (Ostrea), Scallop (Pecten), Mussel (Mytilus). 

CLAss V. GASTEROPODA. — A distinct head and toothed tongue. 
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Shell absent in some, but mostly present, and consisting 
of a single piece (‘‘univalve’’). Locomotion effected 
by creeping about on the flattened under surface of the 
body (‘‘ foot”), or by swimming by means of a fin-like 
modification of the same.—x. Whelks (Buccinum), 
Limpets (Patella), Sea-lemons (Doris), Land-snails 
(Helix), Slugs (Limax). 

Ciass VI. PTEROPODA.—Animal oceanic, swimming by means of 
two wing-like appendages, one on each side of the 
head. Size minute.—Zx. Cleodora. 

Cuiass VII. CePHALOPODA.—Animal with eight or more arms, 
placed in a circle round the mouth. Mouth armed with 
jaws, and a toothed tongue. Two or four plume-like 
gills. In front of the body, a muscular tube (‘‘funnel”’), 
through which is expelled the water which has been 
used in respiration. An external shell in some, an in- 
ternal skeleton in others.—#x. Calamaries (Loligo), 
Cuttle-fishes or Poulpes (Octopus), Paper-Nautilus 
(Argonauta), Pearly Nautilus (Nautilus). 


VERTEBRATE ANIMALS. 
SuB-KINGDOM VI.—VERTEBRATA. 


Body composed of a number of definite segments arranged longitudi- 
nally or one behind the other. The main masses of the nervous system 
are placed on the dorsal aspect of the body, and are completely shut off 
from the general body-cavity. The limbs (when present) are turned 
away from that side of the body on which the main nervous masses are 
situated, and are never more than four in number. In most cases, a 
backbone, or ‘‘ vertebral column,” is present in the fully-grown animal. 

Cuass I. Pisces (Fishes).—Breathing-organs in the form of gills ; 
heart usually of two chambers, rarely of three; blood cold ; limbs, 
when present, converted into fins. 

Order 1. Pharyngobranchii.—Ex. Lancelet (Amphioxus). 

Order 2. Marsipobranchii.— Ex. Lamprey (Petromyzon), Hag- 
fish (Myxine). 

Order 3. Zeleosti (Bony Fishes).—Zx. Eels (Murzenide), Her- 
rings (Clupeidze), Salmon and Trout (Salmonidze), Cod 
and Haddock (Gadidz), Flat-fishes (Pleuronectide), 
Perch (Percidze), Mackerel (Scomberide). 

Order 4. Ganoidei.—Ex. Bony Pike (Lepidosteus), Paddle-fish 
(Spatularia), Sturgeon (Sturio.) 

Order 5. Llasmobranchit.—Ex. Sharks (Carcharidx), Dog-fishes 
(Scylliadze), Saw-fishes (Pristis), Rays and. Skates 
(Raiidz), 

Order 6. Dipnoi.—Ex. Mud-fish (Lepidosiren). 
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Crass II. AMpHIBIA (Amphibians).—Breathing-organs in the young 
in the form of gills alone, afterward lungs, either alone or associated 
with gills. Skull jointed to the backbone by two articulating surfaces 
(“condyles”). Limbs never converted into fins. Heart in the young 
of two chambers only, in the adult of three chambers. Blood cold. 

Order 1. Ladbyrinthodontia (extinct). 

Order 2. Ophiomorpha.—Lx. Cecilia. 

Order 3. Urodela (Tailed Amphibians), — Zx. Water - newts 
(Triton), Salamanders (Salamandra), Axolotl (Siredon), 
Mud-eel (Siren). 

Order 4. Azoura (Tailless Amphibians). —Zx. Frogs (Rana), 
Tree-frogs (Hyla), Toads (Bufo), Surinam Toads (Pipa). 

Oxass III. RepriiiA (Reptiles).—Respiratory organs in the form 
of lungs, never in the form of gills. Heart three-chambered, rarely 
four-chambered, the pulmonary and systemic circulations always con- 
nected together directly, either in the heart itself or in its immediate 
neighbourhood. Blood cold. Skull jointed to the backbone by a 
single articulating surface or ‘‘ condyle.” Each half of the lower jaw 
composed of several pieces. Appendages of the skin in the form of 
scales or plates. 

Order 1. Chelonia.— Ex. Turtles (Cheloniidz), Soft Tortoises 
(Trionycidze), Terrapins (Emydidze), Land Tortoises 
(Testudinide). 

Order 2. Ofhidia.—Ex. Vipers (Viperidz), Rattlesnakes (Crota- 
lidze), Sea-snakes (Hydrophide), Boas and Pythons 
(Boidee). 

Order 3. Lacertilia.—Ex. Lizards (Lacerta), Iguanas (Iguanide), 
Monitors (Varanidze), Chameleons (Chameleontidz). 

Order 4. Crocodilia.—Ex. Crocodiles, Alligators, Gavials. 

Order 5. /chthyopterygia (extinct).—Zx. Ichthyosaurus. 

| Order 6. Sauropterygia (extinct)—Z. Plesiosaurus. 

Order 7. Prerosauria (extinct).—x. Pterodactylus. 

Order 8. Anomodontia (extinct).—#x. Dicynodon. 

Order 9. Deinosauria (extinct).—£x. Iguanodon. 

Cass IV. Aves (Birds),—Respiratory organs in the form of lungs, 
never in the form of gills. Lungs connected with air-receptacles placed 
in different parts of the body. Heart four-chambered. Blood warm. 
Skull connected with the backbone by a single articulating surface or 
“condyle.” Each half of the lower jaw composed of several pieces. 
Appendages of the skin in the form of feathers. Cavities of the chest 
and abdomen not separated by a complete partition (diaphragm). 
Fore-limbs converted into wings. Animal oviparous. 

Order 1. Matatores (Swimmers). — x. Penguins (Spheniscide), 
Gulls (Laride), Ducks (Anatide), Geese (Anserinz), 
Flamingos (Pheenicopteridz). 

Order 2. Grallatores (Waders). — x. Rails (Rallide), Water- 
hens (Gallinulze), Cranes (Gruidee), Herons (Ardeide), 
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Storks (Ciconinee), Snipes and Woodcock (Scolopacide), 
Plovers, Oyster-catchers, and Turnstones (Charadriidz). 

Order 3. Cursores (Runners).—Zx, Ostrich (Struthio), American 
Ostrich (Rhea), Emeu (Dromaius), Cassowary (Casu- 
arius), Apteryx. 

Order 4. Rasores (Scratchers).— Ex. Grouse, Ptarmigan, Part- 
ridges, Pheasants, Turkey, Guinea-fowl, Domestic 
Fowl, Pea-fowl (Gallinacei); Doves, Pigeons, Ground- 
pigeons (Columbacei). 

Order 5. Scansores (Climbers).—Z£x. Cuckoos (Cuculide), Wood- 
peckers (Picidze), Parrots, Cockatoos, Parrakeets 
(Psittacidze), Toucans (Rhamphastidee), Trogons (Tro- 
gonidze). 

Order 6. Jusessores (Perchers). —Zx. Crows, Magpies, and Jays 
(Corvidee), Starlings (Sturnide), Finches, Grosbeaks, 
Larks (Fringillide), Thrushes, Blackbirds, Orioles 
(Merulide), Creepers and Wrens (Certhidze), Hum- 

ming-birds (Trochilidz), Swallows and Martins (Hirun- 
dinidee), Swifts (Cypselidee), King-fishers (Alcedinidz). 

Order 7. Raptores (Birds of Prey).—£x. Owls (Strigidze), Falcons 

and Hawks (Falconide), Eagles (Aquilina), Vultures 
(Vulturidee). 

Order 8. Saurure (extinct).—Zx. Archzopteryx. 

CLass V. MAMMALIA (Mammals or Quadrupeds). — Respiratory 
organs in the form of lungs, which are never connected with air-sacs 
placed in different parts of the body. Heart four-chambered. Blood 
warm. Skull united to the backbone by two articulating surfaces or 
“condyles.” Each half of the lower jaw composed of a single piece. 
Appendages of the skin in the form of hairs. Young nourished by 
means of a special fluid—the milk,—secreted by special glands—the 
mammary glands. Animal viviparous. 

A. NON-PLACENTAL MAMMALS.—The young not provided with a 
placenta. 

Order 1. Monotremata. — Ex. Duck-mole (Ornithorhynchus), 
Spiny Ant-eater (Echidna). 

Order 2. Marsupialia. —Ex. Kangaroos (Macropodide), Kan- 
garoo-bear (Phascolarctos), Phalangers (Phalangis- 
tida), Opossums (Didelphide), Tasmanian Devil 
(Dasyurus). 

B. PLACENTAL MAMMALS.—The young provided with a placenta. 

Order 3. Zdentata.— Sloths (Bradypodidz), Armadillos (Dasy- 
podide), Hairy Ant-eaters (Myrmecophagide), Scaly 
Ant-eaters (Manis). 

Order 4. Sivenia.—Ex. Manatee (Manatus), Dugong (Halicore). 

Order 5. Cetacea.—Ex. Whalebone-whales (Balzenidz), Sperm- 
whales (Physeteridz), Dolphins and Porpoises (Del- 
phinidz). 
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. Ungulata (Hoofed Quadrupeds).— #x. Rhinoceros ; 


Tapir; Horse, Ass,and Zebra (Equidz); Hippopotamus; 
Hogs and Peccaries (Suida); Camels and Llamas 
(Camelidze); Giraffe; Stags, Elk, Rein-deer (Cervidee); 

Antelopes (Antilopides) ; Sheep and Goats (Ovide) ; 

Oxen and Buffaloes (Bovidee). 


. Hyracoidea.—Ex. Hyrax. 
. Proboscidea.—Ex. Elephants (Elephas). 
. Carnivora. — Ex. Seals (Phocide), Bears (Urside), 


Raccoons (Procyon), Badgers (Melidze), Weasels and 
Otters (Mustelidee), Civets and Genettes (Viverridee), 
Dogs, Wolves, and Foxes (Canidze); Hyzenas (Hyzeni- 
dze), Cats, Lynxes, Leopards, Tigers, Lions (Felidz). 


. Rodentia. —Ex. Hares and Rabbits (Leporide), 


Porcupines (Hystricide), Beavers (Castoride), Mice 
and Rats (Muride), Dormice (Myoxidze), Squirrels 
and Marmots (Sciuridee). 


. Cheiroptera. — Ex. Common Bats (Vespertilionide), 


Horseshoe Bats (Rhinolophidee), Vampire Bats (Phyl- 
lostomidze), Fox-bats (Pteropide). 


. Insectivora. — Ex. Moles (Talpide), Shrew - mice 


(Soricidze), Hedgehogs (Erinaceidz). 


. Quadrumana.—Ex. Aye-aye (Cheiromys), Lemurs 


(Lemuridz), Spider-monkeys (Ateles), Howlers 
(Mycetes), Macaques (Macacus), Baboons (Cyno- 
cephalus), Gibbons (Hylobates), Orang (Simia), 
Gorilla and Chimpanzee (Troglodytes). 


. Bimana.—Man (Homo Sapiens). 


INVERTEBRATE ANIMALS. 


SUB-KINGDOM I. PROTOZOA. 


CHAPTER I. 


1. GENERAL CHARACTERS OF THE PROTOZOA. 2. CLASSI- 
FICATION. 3. GREGARINIDA. 


Tue sub-kingdom Protozoa (Gr. protos, first; and zoo, an 
animal), as the name implies, is the lowest division of the 
animal kingdom, and its limits are therefore necessarily not yet 
strictly defined. The Protozoa comprise an enormous number 
of animals, almost all of which are so small as to be invisible to 
the naked eye, and can only be satisfactorily examined under 
pretty high powers of the microscope. For this reason, and 
because they are almost universally found in water, these crea- 
tures, often popularly called ‘“‘ animalcules,” are almost unknown 
to the majority of people. Some few, however, attain a large 
size, and of these the sponges are familiar examples. The mi- 
croscopical forms of the Protozoa swarm in most stagnant pools, 
and in all waters charged with organic matter so as to afford 
them food. Every worker with the microscope is familiarly 
acquainted with them, and they exhibit phenomena which in 
many cases render them objects of the highest interest. From 
their low position in the animal scale, it arises that the Protozoa 
are mainly characterised by the absence of organs and struc- 
tures which occur in higher beings, and they possess few 
positive characters by which they can be distinguished. 

The Protozoa may be defined as animals, generally of very 
minute size, composed of a nearly structureless jelly-like substance 
(called “sarcode”), showing no composition out of distinct 
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segments, having no distinct internal cavity, no nervous system, 
and etther no organs devoted to digestion, or at best a very 
rudimentary alimentary apparatus. 

Of all the points enumerated in this definition as characteris- 
tic of the Profozoa, none is more important than the nature of 
the body-substance. The body in all known Protozoa is com- 
posed of a substance which is generally known by the name of 
“protoplasm ”—or, better, ‘‘sarcode” (Gr. sara, flesh ; ecdos, form). 
This sarcode is a gelatinous substance, very like white-of-egg to 
look at, and really of nearly the same chemical constitution, con- 
sisting mainly of albumen, or of some body allied to albumen. 
Generally, however, it contains numerous oil-globules scattered 
through it. The sarcode shows the physiological property of 
“contractility’’—that'is to say, under appropriate stimuli, or at 
the will of the animal, it may be made to contract or shorten its 
dimensions, thus giving rise to movements. Asa rule, no other 
structures appear in the sarcode except minute rounded parti- 
cles, or granules and molecules, but in some cases larger defi- 
nite structures are formed out of it. Of this nature is the so- 
called ‘‘ nucleus” found in many Prodozoa. 

As regards their internal structure, some Protozoa exhibit 
nothing worthy of the name of structure at all, the entire body 
being simply composed of sarcode, containing scattered granules 
(for example, the /ovamznifera). In other cases there are found 
certain definite bodies which are known as the “nucleus” and 
“nucleolus,” and which are usually, if not always, connected 
with reproduction. -Very often, too, there are found certain 
minute cavities or chambers which close and expand at definite 
intervals, and which are known as the “contractile vesicles.” 
These are, doubtless, rudimentary organs of circulation. Inone 
division of the Protozoa (the Jnfusoria) there is a permanent 
mouth and a short gullet, but in all the others there are no defi- 
nite organs connected with the process of digestion. In no 
Protozodn, however, without exception, have any traces of a 
nervous system been hitherto detected; and in none, even in 
those which possess a mouth, is there any distinct and definite 
cavity or chamber within the body in which the particles of 
food are received. No organs of sense exist in any of the Pro- 
tozoa—that is to say, there are no distinct organs fitted for the 
reception of impressions produced by light or sound; but the 
general surface of the body appears capable of receiving the im- 
pressions produced by contact with foreign bodies, and there- 
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fore acts as an organof touch. The power of active locomotion 
is enjoyed by most of Protozoa; but in some cases this is very 
limited, and in other cases the animal is permanently fixed (as 
in the sponges). The apparatus of locomotion in the Protozoa 
is of a varied nature. In many cases, especially in the higher 
forms, movements are effected by means of little hair-like pro- 
cesses, which are called “cilia” (Lat. c¢/éwm, an eyelash), and 
which have the power of vibrating or lashing to and fro with great 
rapidity. In other cases the cilia are accompanied or replaced 
by one or more long whip-like bristles, which act in the same 
fashion, and are known as “ flagella.” Amongst the lower Pro- 
Zozoa the most characteristic organs of locomotion are the so- 
called ‘“‘pseudopodia” (Gr. pseudos, falsity ; fodes, feet). These 
consist of variously-shaped filaments, threads, or finger-like pro- 
cesses of sarcode, which the animal can thrust out from any or 
every part of its body. They are not, however, definite and per- 
manent organs like the cilia, for they can be produced at will, 
and when they are again withdrawn they simply melt into the 
sarcode of the body, and leave no traces of their existence. 

As regards the classification of the Protozoa, a rough and use- 
ful division is into mouth-bearing or “stomatode” Protozoa, in 
which there is a distinct mouth; and mouthless or “astomatous ” 
Protozoa, in which there is no mouth. It issomewhat doubtful, 
however, if the mouth-bearing forms (namely, the Jz/fusoria) 
can properly be kept in the Protozoa, so that this arrangement 
is not a very good one. More scientifically, the Protozoa are 
divided into three great divisions or “classes,” known by the 
names Gregarinide, Rhizopoda, and Infusoria, all of which 
require special examination. 


CLASS I. GREGARINIDZ.—The Gregarinide may be defined 
as parasitic Protozoa which have no mouth, and have no power 
of giving out pseudopodia. They are usually looked upon as 
forming the lowest class of the Profozoa ; but in all probability 
much of their degraded character, as we shall see in other 
cases, is due to the fact that they are internal parasites, and 
are therefore not dependent on their own exertions for food. 
They vary in size from less than the head of a small pin up to 
nearly half an inch in length, when they look something like 
small worms; and they are found inhabiting the intestines of 
various animals, especially the cockroach and the earth-worm. 

In anatomical structure a Gregarina usually presents the 
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appearance of a single cell, consisting of an ill-defined mem- 
branous envelope, filled with a more or less granular sarcode 
containing fatty granules, and having in it a little central 
bladder or vesicle—the ‘“nucleus”—which in turn encloses a 
solid particle or “nucleolus” (fig. 2, a). The outer covering or 


Fig. 2.—Anatomy and reproduction of the Gregarina of the earth-worm (after 
Lieberkiihn). @ Adult Gregarina; 4 The same ‘‘ encysted ;” ¢ With the contents 
broken up into pseudonavicelle; @ Free pseudonavicellze ; e¢ Contents of the 
pseudonavicellz when liberated. 


cuticle with which the protoplasmic body is enclosed, may be 
quite smooth, or it may be furnished with bristles or spines, 
and in some cases even cilia have been observed. Beyond the 
nucleus and nucleolus (which are probably connected with 
reproduction), no definite organs have been detected in the 
Gregarine ; and all the processes of assimilating food and 
getting rid of waste or injurious products must be effected 
by the general surface of the body. As we shall see, however, 
this is common in internal parasites, which are not necessitated 
to live upon solid food, but which are enabled to subsist. simply 
by imbibing the nutritive juices of their hosts. 


The following is a brief outline of the process of reproduction as it 
has been observed in the Gregaring, sometimes in a single individual, 
sometimes in two individuals which have come together and completely 
coalesced and melted into one another. The Gregarina becomes com- 
pletely motionless, assumes a globular form, and develops round itself 
a thick structureless coat or envelope, when it is said to be ‘‘ encysted ” 
(fig. 2, 6). The nucleus then disappears, and the sarcode of the 
body breaks up into little masses, which are at first rounded, but after- 
wards become pointed at both ends, when they are called ‘ pseudo- 
navicellz”’ (fig. 2, c), The cyst then breaks and the pseudonavicellze 
escape, when they give origin to little masses of sarcode, which have the 
power of active movement and of throwing out pseudopodia, thus com- 
ing closely to resemble the animalcule which will be directly described 
as the Ameéa (fig. 2, e). These little amceba-like masses, if they find 
a suitable locality, are finally developed into new Gregaring. 
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RHIZOPODA. 


THE next class of the Protozoa which we have to consider 
comprises the most characteristic and typical forms of the 
whole sub-kingdom. The name of AAzzopoda, or “ root-footed ” 
animalcules (from the Greek, r/zza, root ; and odes, feet), is de- 
rived from the fact that they all possess the power of throwing 
out at will from various parts of the body the processes of sar- 
code which have been already spoken of as pseudopodia, and 
by which they both move and obtain food. In fact, the RAZzzo- 
poda may be shortly defined as Protozoa which have no mouth 
and possess the power of giving out pseudopodia. ‘The pseudo- 
podia vary a good deal in shape and in other characters in 
different orders of the Rkzzopoda, but they have invariably the 
character of being nothing more than temporary threads or 
finger-like processes of sarcode, which can be thrust out at 
will, and which melt again into the substance of the body 
when they are withdrawn. 

Four distinct types of structure are known in the A&fzzo0- 
poda, and these constitute as many distinct orders, which are 
known by the names of the Monera, Amebea, Foraminifera, 
Radtolaria, and Spongida. 


ORDER I. MonERA—This name has been proposed .for a 
small group of organisms which merely require to be men- 
tioned. They are all microscopic in size, and inhabit the sea. 
Their sarcode-body is entirely structureless and devoid of defi- 
nite organs of any kind. They have the power, however, of 
throwing out innumerable processes of the body-substance or 
‘“‘pseudopodia,” and these agree in their characters with those 
which will be afterward described as characterising the Fora- 
mintfera. ‘They are, namely, very long and delicate filaments 
of sarcode, which unite in various directions so as to form 
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a network, in which the particles of food are entangled: The 
body is completely naked, and the MJonera differ from the 
Foraminifera, chiefly if not entirely, in this absence of any 
hard covering or shell. 


ORDER IJ. AM@BEA.—-This order is characterised by the fact 
that the pseudopodia are mostly blunt and finger-like in shape, 
and that the sarcode of the body contains the structures known 
as the “nucleus” and “ contractile vesicle.” 

As the ¢yfe of the order may be taken the Ameéa or Proteus- 
animalcule, so called because of the incessant and illimitable 
changes of form which it exhibits (Gr. amozbos, changing). The 
Amba is a little microscopical creature which may commonly 
be detected in stagnant water, especially where there is decay- 
ing vegetable matter. When examined under the microscope, 
all that would probably be seen at first would be a shapeless or 
irregularly-spherical mass of gelatinous, jelly-like sarcode, con- 


Fig. 3.—Morphology of Rhizopoda. a Ameba radiosa, showing the pseudopodia, 
the contractile vesicle, nucleus, and vacuoles; 4 Diffugia, with the pseudopodia 
protruded from the anterior end of the carapace ; c Detached sponge-particles or 
“sarcoids ;” d Ciliated sponge-particles of Grantia ; e Sponge-particle of the 
fresh-water sponge (Sfozgzd/az) with a single cilium. : 


taining scattered granules. Soon the creature might be observed 
to push out a finger-shaped prolongation of its own substance > 
and it would soon be found that similar processes or pseudo- 
podia could be pushed out at will from almost any point of the 
body and again retracted within it without leaving any trace 
behind. As a result of this, the form of the animal is constantly 
changing, and hence its common name of Proteus-animalcule 
(fig. 3, a). By means of these temporary processes of sarcode, 
the Ameba both moves and obtains food. Locomotion is 
effected in a kind of creeping manner, the animal pushing out 
the pseudopodia in one direction and then pulling the body in 
the same direction. In the same way, when any minute particle 
of food, such as a microscopic plant, comes within its reach, the 
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Ameba wraps a pseudopodium round it, and then withdrawing 
the pseudopodium, lodges the nutrient particle securely in the 
substance of the body. It follows from this that the As@ba has 
no permanent mouth—no aperture, that is, which is especially 
employed in the admission of food. Any part of the surface can be 
pushed out into a pseudopodium, and therefore any part of the 
surface can be extemporised into a mouth. The process of taking 
food, in fact, in the Ameba, has been aptly compared to thrust- 
ing a stone or any other solid body into a lump of dough. The 
central portion of the body of the animal is softer and more fluid 
than the outer layers, and the particles of food, on reaching this 
point, undergo a sort of digestion, and are subjected to a species 
of movement or rotation in the interior of the animal. Each 


Fig. 4.—Amoebea. A, Small A7zebe developed in organic infusions, greatly mag- 
nified. B, Ameba princeps; n Nucleus; ¢ Contractile vesicle; wv Region of 
the body where indigestible matters are thrust out. 


particle of food, in the process of being taken into the body, 
usually carries with it a little drop of water; and in this way 
a number of clear spaces are formed, which are usually quite 
round, and look like distinct cavities. These spaces are called 
“vacuoles ;” but they are not distinct organs of any kind, though 
formerly regarded as distinct stomachs. Having undergone 
digestion, any portions of food which may be indigestible or in- 
soluble are simply thrust out again through the walls of the 
body. This appears to be effected at one particular part of the 
body; but there is no permanent aperture for the purpose. 
There are no distinct vessels which serve to convey the nutri- 
tive fluid derived from the digestion ; but there does appear to 
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be a rudimentary organ by which this fluid is driven through the | 
body. Ifwe watch an Ameéa (fig. 4, c) carefully, there is usually 
no difficulty in observing that every now and again there appears 
at one particular place a clear spot, “like a window,” which slowly 
expands to its full extent, and then usually contracts slowly till 
it disappears altogether. This process of gradual expansion 
and contraction is what is called “rhythmical ”—that is to say, 
it is repeated at tolerably regular intervals, perhaps twice 
a-minute. In some cases the vesicle, when contracted, remains 
so for a long time, but it always reappears in the same place. 
It is known as the “contractile vesicle ;” and there can be little 
doubt that it is a permanent organ. It is, in fact, a little clear 
space or cavity in the substance of the body, filled probably 
with the nutritive fluid derived from the digestion, and no 
doubt serving by its contraction to drive this fluid to various 
parts of the body. In its function, then, the contractile vesi- 
cle of the Ameéa is to be looked upon as the first indication 
which we have in the entire animal kingdom of that most im- 
portant organ, the heart. 

The Ameoa possesses no breathing-organs of any kind, and 
no excretory organs, so that these functions must be performed 
by the general surface of the body in a manner somewhat the 
same as the exhalation from the skin which takes place in the 
higher animals. There are, also, no traces of a nervous system, 
and no organs of sense, and the only other structure of any kind 
is what is known as the nucleus. The nucleus (fig. 4, ) is simply 
a small rounded or oval granular mass, and there may be more 
than one in the same individual. Its function, however, is quite 
unknown, though it is probably connected with reproduction. 
The means employed by the Ame@da to perpetuate the species 
are various, but the only one which need be mentioned is the 
process by self-division. This is what is technically called 
“fission” (Lat. jizdo, I cleave), and it consists in a gradual divi- 
sion or cleavage of the body into two parts, each of which then 
becomes a separate and independent individual. In some cases 
this process is slightly varied, a single pseudopodium alone 
‘being cast off and becoming a fresh Amba, but this does not 
differ essentially from the former. 

Regarding the Ameéa from a physiological point of view, we 
see that, though the animal nourishes itself and maintains its 
existence perfectly, the process of nutrition is carried on in the 
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simplest possible manner and with the simplest possible appara- 
tus. There is no permanent mouth, no stomach or alimentary 
canal of any kind, no respiratory or excretory organs, and even 
no distinct aperture for the extrusion of indigestible food. The 
only distinct structure which is at all concerned in nutrition is 
a rudimentary contractile cavity, the first foreshadowing of the 
heart in the higher animals. As regards the functions of rela- 
tion, it is questionable how far the Amq@éa can be said to have 
distinct perceptions or sensations of any kind. It has no ner- 
vous system or organs of sight or hearing, and in all proba- 
bility it has nothing more than a general sensibility to light. 
It appears, however, to be fully aware when any object comes 
in contact with a pseudopodium, and even to have some idea 
whether this is fit for food. Locomotion, as we have seen, is 
entirely effected by the temporary processes of sarcode or pseu- 
dopodia, and there are no permanent organs set aside either for 
‘locomotion or for prehension—that is, for seizing external objects. 

The only other member of the Amm@da which deserves notice 
is the Diffiugia (fig. 3, 6), which is not uncommonly found in 
fresh water. Diffugia in its essential structure does not differ 
from the Amada, but the greater part of the body is enclosed 
in a sort of case or carapace, mostly composed of grains of 
sand, within which the animal can retire completely. The cara-' 
pace is open at one end, and the pseudopodia are protruded 
from this aperture. The animal generally creeps about head- 
downwards, so to speak—that is to say, with the closed end of the 
carapace elevated above the surface on which it is moving. 

ORDER III. FoRAMINIFERA.—The next order of the R/izzopoda 
is that of the Poraminifera, comprising animals which at first 
sight appear to be highly complex, but which are really much 
less highly organised than the Amaba. The Foraminifera may 
be defined as Rhizopoda in which the body ts protected by a 
shell or “test” there is no nucleus or contractile vesicle» and 
the pseudopodia are extremely long and thread-like, and interlace 
with one another so as to form a network. 

The most obvious and striking character of the Foraminifera 
is the possession of an outer case or shell, and for a long time 
they were known to naturalists by their shells alone. As the 
shell or test is usually very beautiful and often very complex, 
the Foraminifera were consequently placed at. first amongst the 
true shell-fish (AZod/usca), very much in advance of their true 
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position. When, however, the anatomical structure of the 
group came to be investigated, it was soon found that they were 
really referable to the Pro¢ozoa, and that in point of fact they 
even occupy a low position in this sub-kingdom. However 
elaborate and complicated the shell may be, the body of the 
contained animal is composed simply of granular gelatinous 


Fig. 5.—Foraminifera. a'The animal of Noxioniva, after the shell has been removed 
by a weak acid ; 4 Gromia (after Schultze), showing the shell surrounded by a 
network of filaments derived from the body-substance. 


sarcode, highly elastic and contractile, and usually reddish or 
yellowish in colour (fig. 5, a). This sarcode not only fills the 
shell, but also in many cases gains the exterior by means of 
little perforations in its walls, and forms a thin film over its 
outer surface. Wherever the sarcode is exposed, whether this 
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be only at the mouth of the shell, as in A7/zlioda (fig. 6, 6), or 
whether it be over the whole surface, as in Dzscorbina (fig. 6, ¢), 
it has the power of giving off pseudopodia. The pseudopodia, 
however, differ greatly from those of the Ame@éa, and they show 
some remarkable characters. They are extremely long thread- 
like processes, instead of being blunt and finger-shaped (fig. 5, 
6), and they have the curious property that they run into one 
another and interlace towards their extremities, so as to form 
a network which has been aptly compared to an “animated 
spider’s web.” Lastly, the microscope reveals in the pseudo- 
podia a very curious circulation of minute solid particles or 


Fig. 6.—Morphology of Foraminifera. a Lagena vulgaris, a monothalamous For- 
aminifer; 4 Miliola (after Schultze), showing the pseudopodia protruded from 
the oral aperture of the shell; c Discorbina (after Schultze), showing the nauti- 
loid shell with foramina in the shell-walls, giving exit to pseudopodia ; @ Sec- 
tion of Nodosaria (after Carpenter); ¢ Wodosaria hispida; f Globigerina bul- 
loides. 

granules, which travel in all directions through the pseudo- 

podial network. Internally, the sarcode-body of the /oramznz- 

Jera exhibits absolutely no structures or definite organs of any 

kind. Even the nucleus and contractile vesicle which occur in 

the Amba are here absent, and the only traces of structure are 
to be found in the existence of scattered granules. 
Simple as is the sarcode-body of the Foraminzfera, it has in 


RHIZOPODA. 37 


® 
all cases the power of secreting a skeleton or shell, which is 
technically called the “test” (Lat. zesta, a shell). The shell is 
usually “calcareous "—that is to say, composed of carbonate of 
lime; but it is sometimes “ arenaceous,” or composed of par- 
ticles of sand united together firmly by an unknown animal 
cement, and it is in some cases simply membranous. In either 
case, the shell may exhibit one or other of two very distinct 
types of structure. In the one type (as in A/zliola, fig. 6, 0), 
the shell-walls are not perforated with holes, and the pseudo- 
podia are therefore all emitted from the mouth or “oral aper- 
ture” of the shell. In the other type (as in Discordina, fig. 6, 
c), the shell-walls are perforated with a number of little aper- 
tures or ‘‘foramina,” from which the order derives its name. 
These foramina are the mouths of tubes which pierce the walls 
of the shell, and thus establish a free communication between 
the interior and exterior. In this way the sarcode which fills 
the inside of the shell is enabled to reach the outer surface, so 
as to form a film, from any part of which the pseudopodia may 
be given off. The presence or absence of foramina is believed 
to constitute a true structural distinction, and the Horaminifera 
may be thereby divided into two great and natural groups 
(Perforata and Imperforata). 
According to the form of the shell, also, the Foraminifera may 
be conveniently, though arbitrarily, divided into two sections. 
The simplest form of shell is seen in such an example as Lagena 
(fig. 6, a), where the shell consists of but a single chamber; and 
the animal, in fact, is nothing more than a little mass of sarcode, 
surrounded by a calcareous envelope. Lagena, then, may be 
taken as the type of what are called the “monothalamous” 
foraminifera (Gr. monos, single; ¢thalamos, a chamber,)—that is 
to say, of those forms in which the animal consists of a single 
segment, and the shell of asingle chamber. All the Foramint- 
Jera without exception commence life as “ simple” or “ mono- 
thalamous” forms, like Lagena, but it is comparatively seldom 
that they retain this simplicity throughout life. In the great 
majority of cases the primitive mass of sarcode, or “ primordial 
segment,” commences a process of budding, or “ gemmation” 
(Lat. gemma, a bud), by which it becomes converted from a 
“simple” into a “compound” form. The original sarcode- 
mass, that is to say, begins to throw out buds in some determin- 
ate direction ; all the buds thus produced remaining connected 
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with one another, and all surrounding themselves with a cal- 
careous covering. In this way we get ultimately a compound 
organism, composed of a number of little masses of sarcode, all 
permanently united to one another, and all enclosed in a com- 
mon shell. We get then, ultimately, such a form as Vodosaria 
(fig. 6, d, 2), which may be regarded as a good example of these 
so-called ‘‘compound” or “polythalamous” Foraminifera (Gr. 
polus, many ; thalamos, a chamber). The exact form of shell 
which is produced by this process of budding will depend upon 
the direction in which the buds are given off by the primordial 
segment. Ifthe buds are given off in a line, we get such a form 
as Vodosaria. If they are given off in a spiral direction, each 
succeeding segment being a little larger than the one before it, 
and the coils of the spiral all lying in one plane, then we get 
such a shell as Déscordina (fig. 6, c). This is one of the com- 
monest forms of shell amongst the Foramdnzfera, and it is often 
called the “nautiloid ” shell, from the close resemblance which 
it bears in shape to the well-known shell of the Pearly Nautilus. 
It was, in fact, this external similarity which induced the older 
naturalists to place the Foraminifera amongst the Mollusca in 
the neighbourhood of the cuttle-fishes. There are numerous 
other types of shell, all of which can be referred to the manner 
in which gemmation is carried on by the primordial segment ; 
but the two forms above mentioned may be taken as sufficient 
examples. It may be mentioned, however, that there are forms 
in which the new segments are added in a very irregular man- 
ner, and the resulting colony has no very definite shape, as in 
Globigerina (fig. 6, /). 


AFFINITIES OF THE FORAMINIFERA.— In spite of their beautiful, and 
in many cases complex, shells, the anatomical structure of the Foramini- 
Jera is so simple that it may fairly be questioned whether in a systematic 
arrangement they should not be placed at the bottom of the whole sub- 
kingdom, Protozoa. Perhaps the nearest relatives of the Foraminifera 
are the Polycystina, a group of organisms which we have yet to consider. 
These differ from the Foraminifera in little or nothing, except that the 
shell is composed of flint. The /oramznzfera are also clearly related to 
those forms of the Ameba which possess shells, such as Difiugia. The 
sarcode-body of Difzgia, however, contains a nucleus and a contractile 
vesicle, and the pseudopodia are thick and blunt, so that the differences 
are sufficiently weighty. There are also very interesting points of re- 
lationship between the Foraminifera and the sponges, which cannot be 
touched upon here. A few words, however, may be said on the physio- 
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logical deductions which may be drawn from the study of the Horamini- 
fera, Regarded from a physiological point of view, the structural sim- 
plicity of the /oraminifera renders them all the more wonderful. We 
have in them the great equation of life presented to us in perhaps its 
simplest form. They are composed of an organic substance, but cannot 
be said to possess ‘ organisation,” being ‘‘ structureless, and without per- 
manent distinction or separation of parts.” * Nevertheless they perform 
all the physiological functions ; they assimilate food—they live, grow, and 
maintain their integrity in the face of the destructive forces constantly at 
work upon them—they reproduce their like—and they have certain re- 
lations with the external world, being at any rate capable of independent 
locomotion. All these vital actions they effect without possessing a 
single organ permanently set apart for the performance of any one of 
them. Lastly, they have the power of building up an outer envelope or 
shell, which is always beautiful, and is often of the most complex charac- 
ter, and constructed upon a regular mathematical plan. The Foramini- 
Jera, then, of all known animals, offer the most convincing illustration of 
two laws—firstly, that there is something in the action and nature of 
vital forces altogether distinct from anything hitherto observed in the 
physical forces ; and secondly, that life is the cause of organisation, and 
not the vesw/¢ of it: in other words, an animal is organised, or possesses 
structure, because it is alive ; it does not live because it is organised. 
DISTRIBUTION OF FORAMINIFERA IN SPACE.+—The foraminifera 
are exclusively marine or inhabitants of the ocean, and have a world- 
wide distribution, They are mostly very minute, but some of the extinct 
forms attained a size of as much as three inches in circumference (2.25 
the Nummulite, fig. 7). Some forms may be obtained adhering to the 
roots of tangle (Laminaria) at or near low-water mark, but they are 
mostly to be dredged from tolerably deep water. In the deepest parts 
of the ocean which have yet been examined by the dredge—at a depth, 
namely, of nearly three miles—/oraminifera have been obtained in 
abundance. There is also no doubt that in many parts of the deep 
ecean, especially where warm currents exist, there are now forming 
deposits of the shells of Foraminifera, which may well be compared to 
the great masses of white chalk with which the geologist is familiar. 
Foraminifera may generally be obtained for examination from the shak- 
ings of sponges or from the sand of the sea-shore, especialy in warm 
climates. To give some idea of their abundance, it may be stated that 
Plancus found about 6000 specimens in an ounce of sand from the 
Adriatic ; but D’Orbigny calculated that no fewer than between three 


and four millions were present in an ounce of sand from the Caribbean 
Sea. 


* Huxley. 

+ Under the term ‘ Distribution in Space ” come all the facts relating to the Ave- 
sent occurrence of any animal or group of animals upon the globe. Under the term 
“Distribution in Time,” come all the facts relating to the Zas¢ occurrence of any 
animal or group of animals upon the globe. 
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DISTRIBUTION OF FORAMINIFERA IN TIME.—It is not the object of 
the present work to enter into the consideration of the past existence of 
different groups of animals, since this presupposes some knowledge of 
geology, but the Foraminifera present some points of special interest 
which may be very shortly noticed. In the first place, as far as is yet 
known, the vraminifera were the earliest and oldest of created beings. 
The oldest fossil which has hitherto been exhumed by the labours of 
geologists is believed to have been a Foraminifer,* of large size, and 
with some decided affinities to existing forms. In the second place, it is 
only by an examination of the distribution of the Foraminifera in past 
time that we can arrive at any adequate notion of the importance of 
these microscopic creatures when looked atin the aggregate. The great 
geological formation known as the white chalk—a formation which forms 
the well-known chalk-cliffs of the south of England, and which stretches 
over a great part of the continent of Europe, attaining sometimes a 
thickness of not less than 600 feet—is almost wholly composed of the 
shells of Foraminifera, visible only to the microscope. The smallest 
fragment of the common chalk, with which every one is familiar, con- 
tains numbers of these minute shells ; and it is a singular fact that some 
of the species in the chalk are indistinguishable from forms which now 
occur in the ooze which forms the bed of the Atlantic at great depths. 
The stone of which Paris is built is to a very great extent composed of 
the shells of Foraminifera, especially of the A@z/co/a ; and it is hardly an 
exaggeration to say that Paris is mainly built up out of these minute 
organisms, Another remarkable formation is that known as the *‘ Num- 
mulitic limestone,” from the presence in it of a large coin-shaped Fora- 
minifer, the Nummulite (fig. 7), generally about as large as a shilling. 


Fig. 7.—Nummutlites levigatus. 


The Nummulitic limestone stretches from France on the west to the 
frontiers of China on the east, and is almost everywhere readily recog- 
nisable as a distinct formation. It attains in places a thickness of seve- 
ral thousand feet, and is especially largely developed in the Alps. It 
has an historic interest from the fact that the Pyramids are built of it, 
and that the Nummulites in it were noticed by Herodotus, ‘‘ the father 
of history.” 


* The Zogoéx Canadense of the Laurentian Rocks of Canada. 
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OrpDER IV. RapIOLARIA.—The third order of the RAzzepoda 
is that of the Radiolaria, essentially distinguished by the fact 
that the sarcode-body has the power of secreting a “siliceous” 
or flinty skeleton, either in the form of a shell, or of detached 
spicules or needles ; whilst the pseudopodia are long and thread- 
like, and stand out from the body like rays. In this last charac- 
ter the Radiolaria approach very closely to the Foraminifera ; 
and the resemblance between the two groups is still further in- 
creased by the fact that the pseudopodia often run into one an- 
other so as to form a network, and sometimes show a circulation 
of granules along their edges. Three groups of organisms have 
been described as belonging to the Radzolarza, and we may 
briefly notice an example of each of these. 

In the first family we have organisms like Acanthometra (fg. 
8, a), in which the body is composed of sarcode, supported by a 


Fig. 8.—a Acanthometra lanceolata; 6 Haliomma hexacanthum, 
one of the Polycystina (after Miiller). 


framework of siliceous or flinty rods, which all meet in a com- 
mon centre. The spines or rods are all perforated by canals, 
and each conveys a pseudopodium, which is protruded from an 
aperture at its apex. Many pseudopodia, however, are given off 
from the surface of the body directly, and are not enclosed in 
the spines. The Acanthometre are all minute, and are found 
floating near the surface in the open ocean, sometimes in great 
numbers. 

In the second family (Polycystina, fig. 8, 6) we have a number 
of beautiful little organisms closely allied to the Foraminifera, 
but differing in the fact that the body is enclosed in a glassy 
shell composed of flint. The shell is perforated by numerous 
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holes through which the pseudopodia are emitted, and it is 
usually of extreme beauty, being sculptured in various ways, and 
often adorned with spines. The sarcode of the body is usually 
olive brown in colour, and often does not quite fill the shell. 

The pseudopodia are filamentous, and exhibit a slow circula- 
tion of granules along their borders, but they do not run into 
one another. All the Polycystina are microscopic, and they 
are all inhabitants of the sea. They are best known to students of 
the microscope as the “ Fossil Infusoria of Barbadoes,” as they 
occur in incalculable numbers in a sandstone in that island. 

In the third family (Thalassicollida, fig. 9) are included a 
number of singular gelatinous organisms which may be as large 
as an ordinary marble, but are often hardly visible to the un- 
assisted eye. They are found floating passively at the surface 
of most seas, and a few forms have been described from fresh 
waters. 


Fig. 9.—a Siliceous shell of Collosphera ; 6 Thalassicolla, showing the radiating 
pseudopodia and groups of siliceous spicula (after Miiller). 


The body in all the Zhalassicollida is composed of sarcode, 
and has the power of giving off threadlike radiating pseudo- 
podia, which sometimes run into one another and form networks, 
Generally the sarcode also exhibits spherical, bladder-like bodies 
or vesicles, the exact nature of which is obscure. In all cases 
the sarcode-body appears to have the power of secreting flint 
in some form or other. In Collosphera (fig. 7, a), the flint is 
secreted in the form of a shell or test, perforated by large aper- 
tures. In Zhalassicolla (fig. 7, 5), the silica forms groups of 
needles or “‘spicula,” scattered here and there in the jelly-like 
sarcode. 

ORDER V. SponcipA.—The last order of the Rhizopoda is 
that of the Sjongida, the exact nature and position of which 
have only recently been determined. For a long time sponges 
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were pretty generally regarded as being vegetables, and it is 
only since the microscope has been employed in their elucida- 
tion that their true nature has been made out. Most naturalists. 
are now agreed as to the propriety of placing the sponges in the 
animal kingdom, and they are generally referred to the R/zzo- 
poda, though they are sometimes looked upon as constituting a 
distinct and separate class of the Profozoa. The apparent com- 
plexity of structure which the sponges exhibit is due to the fact 
that what we ordinarily term a sponge is really a colony or 
aggregation of separate masses of sarcode, greatly resembling 
Amebve in structure, and having the power of secreting a 
skeleton or supporting framework common to the whole assem- 
blage. Sponges, in fact, may be defined as compound Rhizo- 
poda, forming masses which are traversed by canals opening on 
the surface, and supported by a framework of horny fibres or of 
calcareous or flinty needles. 

There are, then, two essential elements in the structure of a 
sponge—namely, the sarcode-bodies which constitute the ani- 
mal itself, and which are collectively termed the ‘‘sponge-flesh,” 
and the hard framework or “skeleton” upon which the flesh is 
supported. To understand the nature of these fully, we may 
take an ordinary horny sponge, such as we are constantly in 
the habit of using. As we see the sponge in this country, we 
are only acquainted with the skeleton, which is composed of an 
enormous number of horny fibres, all interlaced and interwoven 
with one another, but leaving numerous holes and canals 
between their bundles (fig. 11, @). In its living condition, 
however, the whole of this skeleton is covered inside and 
outside—saturated, in fact—with a kind of slimy material very 
like white-of-egg to look at. This is the so-called sponge-flesh ; 
and, upon examining this with a microscope, it is found to be 
composed of an enormous number of minute masses of sarcode, 
all more or less completely independent of each other, and each 
very closely resembling an Ameba. These separate “ sponge- 
particles,” or “sarcoids,” as they are called, consist, in fact, of 
granular sarcode, capable of pushing out little processes or 
threads of sarcode in the form of pseudopodia, and sometimes 
furnished with an internal solid mass or nucleus (fig. 3, ¢). In 
some cases each sarcoid carries a single lash-like vibrating fila- 
ment or cilium (fig. 3, d, ¢). Each sarcoid has the power, if 
detached, of independent movement, and each can obtain food 


44 INVERTEBRATE ANIMALS. 


for itself. As the sponge, however, is a fixed animal, some 
provision is necessary by which food shall be conveyed to the 
sarcoids in the interior of the mass. This is effected by a 
remarkable water-carrying or “ aquiferous” system in the follow- 
ing manner: The entire sponge is riddled in every direction by 
an immense number of canals, all opening on the surface, and 
communicating freely with one another in the ifterior of the 
mass. The canals are of different sizes, and, as can readily be 
observed in an ordinary sponge, their external Openings are also 
of different sizes. A few of the holes are of much larger size 
than the others, and these, for reasons which will be seen 
directly, are called the “exhalant apertures,” or “oscula.” The 
great majority of the holes are very minute, and these are known 


Fig. 1o.—Diagrammatic section of Spongilla (after Huxley). a@ a Outer or super- 
ficial layer of the sponge; 46 Inhalant apertures, or “‘pores;” ¢ ¢ Ciliated 
chambers ; @ An exhalant aperture, or ‘‘osculum.” The arrows indicate the 
direction of the currents. 

as the “inhalant apertures,” or “pores.” Ina living sponge a 
more or less constant circulation of water is carried on by 
means of this canal system. The water is admitted by means 
of the pores (fig. 10, 6), is driven into the interior of the 
sponge, and is finally expelled in steady streams from the oscula 
(fig. 10, Z). The mechanism by which this circulation of water 
is effected was long unknown, but it is now known to consist 
in aggregations of sponge-particles provided with cilia which 
all work towards the interior of the sponge (fig. 10,¢c). The 
circulation of water in this manner can be readily observed 
in many of our common marine sponges, and it is under the 
control of the animal to a great extent. The large apertures 
or oscula are permanent, but they can be closed and opened at 
will ; whilst the smaller apertures or pores appear to be formed 
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afresh, wherever they are wanted, at any point of the surface. 
By means of the currents of water each individual sarcoid or 
sponge-particle is.enabled ‘to obtain food, so that the whole 
sponge, as remarked by Huxley, “represents a kind of sub- 
aqueous city, where the people are arranged about the streets 
and roads in such a manner that each can easily appropriate 
his food from the water as it passes along.” It is also not 
improbable that the process is at the same time a rudimentary 
form of respiration. 

Such, then, are the general phenomena exhibited by any 
sponge, and the chief variations which occur amongst the 
sponges are to be found in the nature of the skeleton. In the 


Fig. 1r.—a Gemmule of Sfongilla; h Hilum; 4 Diagrammatic section of the 
gemmule, showing the outer layer of spicules or amphidiscs, and the inner mass 
of cells; Z Hilum; c One of the amphidiscs seen in profile ; d Fragment of the 
skeleton of a horny sponge (after Bowerbank), showing the interlacing horny 
fibres with spicula. All much magnified. 

sponges of commerce the skeleton consists of matted fibres 
composed of a substance nearly allied to horn. In other forms 
the skeleton is calcareous, or composed of lime; and in other 
cases, again, it is siliceous, or composed of flint. The Venus’s 
flower-basket, which looks like a goblet woven of spun glass, is 
a familiar example of the flinty sponges. In most cases the 
skeleton, and often the flesh as well, is furnished with more or 
less numerous needles or spicula, generally of flint, but some- 
times of lime, which assume a great variety of shapes, and 
appear to exercise different functions (fig. 11, ¢, @). 

As regards the reproductive process in the sponges, it will be 

sufficient to state very briefly the leading phenomena which 
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have beens observed in the fresh-water sponge (Spongilla 
fluviatilis). If a specimen of Sfongilla be observed towards 
the approach of winter, its deeper portions will be found to be 
filled with numerous small rounded bodies like seeds, which 
have been called “‘gemmules.” Each gemmule (fig. II, a@, 6) 
exhibits at one point a small aperture or “hilum ;” and is found 
to be composed of a leathery membrane, surrounded by a layer 
. of sarcode, in which are imbedded a number of spicula. These 
spicula are called ‘‘amphidiscs,” and consist each of a central 
rod or axle carrying a toothed wheel or disc at each end (fig. 
11, c). In the interior of the capsule thus formed is a mass of 
cells, of which the central ones contain numerous reproductive 
germs. When the spring comes, these masses are discharged 
into the water through the aperture or hilum of the gemmule, 
and become developed into fresh Sfongil/z. In addition to 
this method of reproduction, the fresh-water sponge during the 
summer months has the power of producing true eggs or ova, 
and sperm-cells. The impregnated ova develop themselves into 
embryos, which are provided with numerous cilia or vibrating 
hairs, by means of which they swim about freely. Finally, 
upon finding a suitable locality, they fix themselves to some 
solid object, lose their cilia, and grow up into Spongille. 
Indeed, as a general if not universal rule, the embryos of the 
sponges are provided with cilia, and are thus capable of active 
locomotion. In this way is secured the extension over a wide 
area of these otherwise fixed and plant-like organisms. 

Distribution of Sponges tn Space——l\t remains only to add a 
few words on the distribution of sponges in space. With the 
single exception of Spozgzl/a, all known sponges are inhabitants 
of the sea; but the former is to be found in lakes and rivers in 
most parts of the world. The marine sponges are found mostly 
attached to stones and other foreign objects between tide-marks 
and in deep water. The sponges of commerce are mostly 
obtained from the Grecian Archipelago, but inferior kinds are 
imported from the Bahama Islands. One common sponge 
(Cliona), instead of incrusting other objects, inhabits branching 
cavities in shells, which it excavates for itself. It apparently 
lives upon the animal matter contained in the shell, and few 
oyster-shells can be picked up upon our shores which do not 
exhibit the perforations and mines of some species or other of 
this genus. Fossil shells, also, often occur, which show that 
these mining sponges have enjoyed a vast antiquity. 
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THE last class of the Protozoa is that of the Zxzfusoria, so called 
because of their being frequently developed in organic infusions 
under the following singular circumstances: If some water be 
taken, and any animal or vegetable substance be soaked or 
boiled in it, a solution is formed containing organic matter, or, 
in other words, an “organic infusion.” It is unnecessary to say 
that if this infusion be examined under the microscope, after 
boiling, nothing will be detected in it,—nothing living, at any 
rate. If examined, however, at the end of a few days’ time—if 
the circumstances have been favourable—a vast number of living 
forms will now be found in it. Amongst these will be found 
several of the members of the present class, and hence the name 
applied to them of Infusorian animalcules, or Zufusoria. It is 
unnecessary to enter here into the question how these living 
beings are, produced, since the subject is one of great obscurity, 
and opinions are still divided upon it. It is sufficient to remark 
that there are eminent observers who hold that the appearance 
of the /zfusoria in this fashion is to be explained upon the 
theory that they have been spontaneously produced out of the 
organic, but dead, matter of the infusion, in opposition to the 
general view that they are derived from pre-existent germs, 
The position of the Jzfusoria is somewhat doubtful, and it 
appears probable that they will ultimately have to be regarded 
as a separate sub-kingdom, or as a branch of a higher sub- 
kingdom (Aznuloida). In the meanwhile it is most convenient 
to retain them in their present place, at the head of the sub- 
kingdom Protozoa. Regarded in this light, the Infusoria pre- 
sent a great advance in structure over all the forms which we 
have hitherto studied—an advance which is especially seen in 
the almost constant presence of a permanent mouth. For this 
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reason they are often spoken of collectively as the “ stomatode,”’ 
or mouth-bearing Protozoa. The /uzfusoria may be defined as 
Protozoa which are provided with a mouth, and generally a 
rudimentary digestive canal. They do not possess the power of 
emitting pseudopodia, but are furnished with vtbratile cilia or 
contractile filaments. They are mostly microscopic in size, and 
their bodies usually consist of three distinct layers. They are 
mostly simple free-swimming organisms, but they sometimes 
form colonies by budding, and are fixed to some solid object in 
their adult condition. As types of these two sections of the 
Infusoria, we may take respectively Paramecium and Efpistylis. 

Paramecium (fig. 12, ¢, and fig. 13)is abeautiful slipper-shaped 


_ Fig. 12.—Morphology of Infusoria. a@ Efzstylis, a stalked Infusorian ; 4 A single 
cup of the same, greatly magnified, showing the ciliated digestive cavity, the 
contractile vesicle, and the smaller food-vacuoles; c Diagrammatic representa- 
tion of Paramecium, showing the funnel-shaped gullet, the nucleus and nucle- 
olus, food-vacuoles, and two contractile vesicles; d@ Aspidisca Lynceus; e Pera- 
nena globulosa, a flagellate Infusorian. 

little creature, which may be found commonly in stagnant waters 

or in artificially-prepared infusions. The body is nearly quite 

transparent, and consists of three layers—1, a structureless, 

transparent, external film or pellicle, called the “cuticle ;” 2, a 

central mass of soft semi-fluid sarcode, which is called the 

‘abdominal cavity,” as receiving the particles of food; and 3, 

an intermediate layer of firm and consistent sarcode, which is 

called the “cortical layer” (Lat. cortex, bark). The external 
membrane or cuticle is richly covered with minute vibrating 
hairs or cilia, which appear, however, to be really derived from 
the cortical layer. The cuticle is also perforated by the aper- 
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ture of the mouth, which is continued into a short funnel-shaped 
gullet. The gullet, however, is not continued into any distinct 
stomach, but opens directly into thesoft semi-fluid sarcode which 
constitutes the central abdominal cavity. The particles of food 
on passing through the gullet ‘are directly received into the 
central mass of diffluent sarcode, where they undergo a kind of 
slow circulation or rotation. As in the case of the Amw@ba, 
each particle of food generally carries with it a little water, so 
that the appearance is produced of a number of little clear 
spaces in the central sarcode. These are now called vacuoles, 
or food-vacuoles ; but they were originally described by Ehren- 
berg, the famous Prussian microscopist, as so many distinct 
stomachs, in consequence of which he named the /z/fusoria the 


Fig. 13.—Ciliated Infusoria. A. Paramecium, showing the nucleus (7) and two 
contractile vesicles (v). B Paramecium bursaria (after Stein) dividing trans- 
versely : 2 Nucleus; %’ nucleolus; w Contractile vesicle. C Paramecium 
aurelia {after Ehrenberg), dividing longitudinally. 


Polygastrica (Gr. polus, many; and gaster, stomach). The 
vibrating cilia which clothe the surface of Paramecium serve 
partly to drive the animal rapidly through the water, and partly 
to set up currents by means of which food is conveyed to the 
mouth. All the nutrient particles obtained in this way undergo 
the circulation in the central sarcode above spoken of, where 
they are partially or completely digested. The indigestible por- 
tions of the food appear to be got rid of by a second aperture 
(anus) placed near the mouth. The only other organs pos- 
sessed by Paramecium are the so-called nucleus and nucleolus, 


D 


50 INVERTEBRATE ANIMALS. 


and the contractile vesicle (or vesicles), all of which appear to 
be situated in the cortical layer of the body. The nucleus 
is a little solid body, composed of an external membrane, with 
granular contents, and having the nucleolus firmly attached 
to its exterior in the form of a little spherical particle. Both 
appear to be organs of reproduction, the nucleus being an ovary, 
and the nucleolus a spermarium. The names, therefore, of 
nucleus and nucleolus are extremely inappropriate, as they 
lead to confusion with the wholly distinct structures which re- 
ceive these names in an ordinary animal or vegetable cell. The 
contractile vesicle has exactly the same structure as in the 
Ameba, It is simply a little contractile cavity filled with a 
fluid apparently derived from the digestion, and contracting 
and dilating at regular intervals. There is usually only a 
single vesicle present, but there may be two or more. 

Reproduction in Paramecium (fig. 13) may be effected by 
fission—that is to say, by a simple splitting of the body of a 
single individual into two portions, each of which becomes 
a fresh being. The process of fission may commence at the 
surface, or it may begin at the nucleus. In other cases, two 
Paramecia come together and adhere closely to one another. 
The nucleus and nucleolus enlarge, and the nucleolus of each 
is transferred to the other, apparently through the mouth. As 
the result of this, numerous germs are produced, which, after 
their liberation from the body of the parent, are developed into 
fresh individuals. 

Lpistylis, which we have chosen as the type of the fixed /x- 
Jusoria, may be regarded as essentially similar to Paramecium 
in its anatomical structure. In place, however, of a single free- 
swimming organism, we have now a colony of more or less 
closely related beings, the whole assuming a plant-like form, and 
being rooted to some solid object. The colonies of £pzsty/zs may 
not uncommonly be found adhering to the stems of water-plants 
or to the backs of our common water-beetles, and the trained 
eye readily recognises them as a greyish-white down or nap. 
On placing a portion of this under the microscope, we see a 
number of little oval cups or “‘calyces” (fig 12, @) supported 
upon a branched stem. The stems are quite transparent, and 
are not capable of contracting or of shortening their length. 
The cups, however, have the power of contracting so as to 
alter their dimensions. Each cup contains a sarcode-body, es- 
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sentially the same as Paramecium in structure, consisting of 
granular sarcode, with vacuoles, a nucleus, and a contractile 
vesicle. The end of the cup furthest from the stalk terminates 
in a rounded aperture, through which there can be protruded a 
ciliated disc (fig. 12, 6). On one side of this disc isthe aperture 
of the mouth, leading into a kind of gullet, which is also fur- 
nished with large vibrating cilia. This, in turn, opens directly 
into the soft granular sarcode of the abdominal cavity, which 
exhibits a constant though slow rotation. 


Fig. 14.—Ciliated Infusoria. a Vaginicola; 6 Stentor Miilleri, the Trumpet 
Animalcule ; c Group of Vorticelle; d Detached bud of Vorticella. 


A still commoner and equally beautiful example of the Stalked 
Infusoria is the so-called Bell-animalcule (Vord¢ceZ/a, fig. 14, ¢), 
which may be found in any stagnant pool attached to the stems 
of aquatic plants. The body in Vorticella forms a kind of cup 
or “calyx” supported upon a long stalk, which is in turn fixed 
to some solid object. The stem contains a contractile fibre in 
its interior, and the animal can by this means push itself out or 
coil itself up with the utmost rapidity. The vibrating filaments 
or cilia are not scattered over the whole surface of the bell- 
shaped body, but are collected to form a kind of fringe or circle 
round the mouth of the calyx. Nearly in the centre of this ring, 
or on one side, is placed the aperture of the mouth, which leads 
by a short gullet straight into the central soft sarcode of the 
interior of the body. A nucleus and contractile vesicle are also 
present, so that in the essential points of its anatomy Vordzcella 
does not differ from a free-swimming Infusorian such as Para- 


52 INVERTEBRATE ANIMALS. 


mectum. Indeed, a transition between the two forms is found 
in the so-called Trumpet-animalcule or Stevéor (fig. 14, 2), which 
can detach itself and swim about at will, at the same time that 
it is ordinarily fixed by its thinner extremity to some solid 
object. In Vaginicola (fig. 14, a), again, we have an animalcule 
closely related to Stetor, but having the body protected by a 
horny or membranous sheath. 


All the Zzfusoria we have been hitherto considering belong to a sec- 
tion of the class in which the surface is furnished with more or less 
numerous cilia. There are other forms, however, in which there are 
no cilia, but the body is furnished with a number of radiating filament- 
ous tubes, the extremities of which form little sucking-discs. Finally, 
there is another section in which the organs of locomotion are in the 
form of long contractile filaments, termed ‘‘ flagella,” which may be 
combined with cilia, or may be the only locomotive organs present (fig. 
12, ¢). In accordance with these differences, the //usoria are divided. 
into the three orders of the Ci/iata, Suctoria, and Flagellata, of which 
the ciliated forms are by far the most numerous and most important. 

DISTRIBUTION OF INFUSORIA IN SPACE.—<As regards the distribu- 
tion of Jzfusoria in space, there is little to say, except that they are of 
universal occurrence in fresh water over the whole globe, and that they 
occur also in the sea. In fact, the only conditions which appear to be 
necessary for their existence are a certain quantity of water holding or- 
ganic matter in solution. Wherever these conditions are fulfilled, 7/- 
soria are certain to make their appearance. The attached forms of 
Infusoria, however (such as Vorticella, Epistylis, Stentor, and others), 
do not appear to be ever developed in artificial infusions, and they are 
to be sought for on the stems of water-plants, and in other similar local- 
ities. It seems hardly necessary to remark that, as before defined, the 
occurrence of fossil Zz/fusoria is not to be looked for, as they possess no 
hard structures which are capable of permanent preservation. It is only 
to be added in this connection, that if the animalcule known as WVoctiluca 
be rightly referred to this class, the //usoria take a very decided share 
in producing the diffused phosphorescence or luminosity of the sea, 
which is occasionally such a beautiful spectacle even in our own cli- 
mate. 


TABLE SHOWING THE DIVISIONS OF THE PROTOZOA. 


Crass I. GREGARINIDA.—Parasitic Protozoa which are destitute of 
a mouth, and do not possess the power of emitting pseudopodia. 

Crass II, Ru1zopopa.—Protozoa which are destitute of a mouth, 
are simple or compound, and have the power of emitting extensile and 
contractile processes of the body-substance (pseudopodia). 

a. Monera,—£x. Protogenes. 

b, Amebea.—LEx. Amceba, Difflugia. 
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c. Foraminifera. —Ex. Lagena, Nodosaria, Discorbina. 

d. Radiolaria.—Ex. Acanthometra, Haliomma, Thalassicolla. 

e. Spongida.—Ex. Spongilla. 

Ciass III. INFusoRIA.—Protozoa with a mouth and rudimentary 
digestive canal; destitute of the power of emitting pseudopodia ; fur- 
nished with vibratile cilia or contractile filaments ; the body usually 
composed of three distinct layers. 

a. Ciliata.— Ex. Paramcecium, Epistylis. 

6. Suctoriaa—Ex. Acineta. ; 

c. Flagellata.— Ex. Peranema. 
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SUB-KINGDOM II. CGQELENTERATA. 


CHAPTER IV. 


I, CHARACTERS OF THE SuB-KINGDOM. 2. DIVISIONS. 
3. GENERAL CHARACTERS OF THE HyYDROZOA. 
4. EXPLANATION OF TECHNICAL TERMS. 


In the sub-kingdom Celenterata are included the sea-anem- 
ones, corals, sea-jellies, sea-firs, and other allied animals, and 
the whole division may be looked upon as forming the most 
typical section of the animals formerly called by Cuvier Radiata. 
In addition, however, to the above-mentioned animals, Cuvier 
included in his Radiata all the members of the modern sub- 
kingdom Protozoa, together with the sea-mats or lowest class 
of the JZod/usca, and the sea-urchins, star-fishes, wheel-animal- 
cules, internal parasites, and others which are now placed in 
a separate sub-kingdom by themselves (Aznulotda). The old 
fadiata, therefore, was an extremely heterogeneous assemblage, 
and there is no advantage to be derived from its employment 
even in works such as this present. The division Celenterata, 
or ‘“ hollow-entrailed ” animals (Gr. 4ozZos, hollow ; and enteron, 
intestine), includes all those radiate animals which are more or 
less closely allied to the sea-anemones on the one hand, and 
to the sea-firs on the other. Most of the Celenterata come 
under the conveniently loose term of “ zoophytes,” or plant- 
animals, from the external resemblance which many of them 
show to plants. | 

The Celenterata may be defined as animals whose alimentary 
canal communicates freely with the general cavity of the body 
(“somatic cavity”). The body is essentially composed of two 
layers or membranes, an outer layer or “ ectoderm,’ and an inner 
layer or “endoderm.” No circulatory organs exist, and in most 
there are no traces of a nervous system. Peculiar stinging organs, 
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or “ thread-cells,” are usually if not always present, and in most 
cases there is a radiate or star-like arrangement of the organs, 
which ts especially perceptible in the tentacles, which are in most 
instances placed round the mouth. Distinct reproductive organs 
exist in all. 

The leading feature which distinguishes the Ce/enterata, and 
the one from which the name of the sub-kingdom is derived, is 
the peculiar arrangement of the digestive system. In the Pro- 
tozoa, as we have seen, a mouth is only very rarely present, and 
in no case is there any definite internal cavity bounded by the 
walls of the body, to which the name of “body-cavity” or 
“somatic cavity” could be properly applied. In most of the 
higher animals, on the other hand, not only is a permanent 
mouth present, but the walls of the body enclose a distinct and 
permanent chamber or body-cavity. Further, in most cases the 
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Fig. 15.—Diagrammatic vertical section of a Sea-anemone (Actinia). a Stomach ; 
6 Mesentery; ¢ Convoluted cord or ‘‘craspedum;” @ Tentacle. The dark line 
indicates the ‘‘ectoderm,” the fine line and clear space adjacent mark the 

*“ endoderm.” 
mouth opens into an alimentary or digestive tube, which is 
always distinct from the body-cavity, and never opens into it, 
usually passing through it to open on the surface by another dis- 
tinct aperture (the anus). In most cases, therefore, the alimentary 
canal is a tube which communicates with the outer world by 
two apertures—a mouth and an anus—but which simply passes 
through the body-cavity without in any way communicating 
with it. In the Ce/enterata the condition of parts is interme- 
diate in its arrangement. There is a distinct and permanent 
mouth, and there is a distinct and permanent body-cavity, but 
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the mouth opens into, and thus communicates freely with, the 
body-cavity. In some cases the mouth opens straight into the 
general body-cavity, which then serves as a digestive cavity as 
well (fig. 16, a). In other cases there intervenes between the 
mouth and the body-cavity a short alimentary tube, which com- 
municates externally with the outer world through the mouth, 
and opens below by a wide aperture into the general cavity of 
the body (fig. 15). In no case is there a distinct intestinal 
tube which runs through the body-cavity and opens on the sur- 
face by a mouth at one end and an excretory aperture or anus 
at the other. Another leading character of the Celenterata is 
the composition of the body out of two fundamental membranes 
(fig. 15), which are usually of a very simple structure, but 
which may be more or less complicated by the development of 
muscular fibres and other tissues. The outer of these layers or 
membranes is known as the “ectoderm,” and it forms the whole 
of the outer surface of the body, terminating at the margins of 
the mouth. The inner layer is known as the “ endoderm,” and 
it lines the whole of the interior of the body, being prolonged 
into the tubular tentacles round the mouth. Both of these 
membranes, but especially the endoderm, are usually more or 
less richly furnished with vibrating cilia. The peculiar micro- 
scopic organs called “ thread-cells,” “ nettle-cells,” or “ cnidae,” 
which communicate to many of the Celenterata (such as the 
sea-jellies) their peculiar power of stinging, are structures found 
in the integument of almost all the members of this sub- 
kingdom, and sometimes in internal parts as well. They are 
very beautiful objects of microscopical examination, and differ 
very considerably in the details of their structure. They are, 
however, in most respects essentially the same as in the common 
Hydra or fresh-water polype, in which the thread-cells (fig. 16, 
a) are “oval elastic sacs, containing a long coiled filament, 
barbed at its base and serrated along its edges. When fully 
developed the sacs are tensely filled with fluid, and the slightest 
touch is sufficient to cause the retroversion of the filament, 
which then projects beyond the sac for a distance, which is not 
uncommonly equal to many times the length of the latter” 
(Huxley). 

In accordance with the above-mentioned differences in the 
arrangement of the digestive system, the Cwlenterata are divided 
into two great classes, termed respectively the Hydrozoa and 
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the Actinozoa. In the Hydrozoa, there is no body-cavity dis- 
tinct from the digestive cavity—or, in other words, the body- 
cavity zs the digestive cavity. In the Acéznozoa, on the other 
hand, there is a distinct digestive cavity, but this opens directly 
into the general body-cavity, so that the two form distinct but 
freely communicating divisions of the same chamber. 


CrLass I. HYDROZOA. 


The Aydrozoa are defined as Celenterata in which the walls 
of the digestive sac are not separated from those of the general 
cavity of the body, the two coinciding with one another. The 
reproductive organs are external, in the form of outward pro- 
cesses of the body-wall (fig. 16, a, 6). 

The Aydrozoa are all aquatic in their habits, and, with the 
exception of two genera, all are inhabitants of salt water. The 
class includes both simple and composite organisms, of which 
the most familiar are the sea-firs and their allies (Hydroid 
zoophytes), the fresh-water polype or Hydra, the sea-jellies 
(Meduse), and the Portuguese man-of-war (Physalza). Owing 
to the extremely complicated nature of many of the ydrozoa, it 
appears advisable to preface their description by an explanation 
of some of the more important terms which are employed in 
connection with various members of the class. 


GENERAL TERMINOLOGY OF THE HYDROZOA. 


Individual—tIn order to understand fully the meaning which 
is attached to the term “individual” in zoological language, 
it is necessary to glance briefly at the general features of 
reproduction as displayed in different sections of the animal 
kingdom. Reproduction is the process by means of which new 
individuals are produced and the perpetuation of the species 
insured, This end may be attained in various ways, but these 
all come under the two heads of “sexual” and “non-sexual” 
reproduction. In sexwal reproduction, by which alone can 
fresh beings be produced amongst the higher animals, the 
essential element of the process consists in the formation of 
two distinct structures, a germ-cell or ovum, and a sperm-cell 
or spermatozoid. By the union of these distinct reproductive 
elements, fresh beings can be produced. As a general rule, 
the germ-cell is produced by one individual (female), and the 
sperm-cell by another (male); but amongst the lower animals 
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it is not uncommon for the same individual to produce both 
of these elements, in which case the individual is said to be 
‘‘hermaphrodite.” Amongst the lower animals, however, fresh 
beings may be produced without the contact of a sperm-cell 
and an ovum,—that is to say, without any genuine act of 
reproduction. The processes by which this can be effected 
in different animals vary considerably, but they are all spoken 
of as forms of “non-sexual” reproduction. The only varieties, 
however, of the process which require consideration, are those 
in which fresh beings are produced by what is called “ gemma- 
tion ” or “ fission.” 

Gemmation (Lat. gemma, a bud) consists in the production 
of a bud or buds, usually from the outside, but sometimes from 
the inside of an animal; which buds become developed into 
more or less completely independent beings. The fresh beings 
thus produced by budding ,are all known as zodzds, and are 
not spoken of as distinct animals for reasons which will be 
immediately evident. When the zodids produced by budding 
remain permanently attached to one another and to the parent 
organism which produced. them, the case is said to be one of 
“continuous” gemmation, and the ultimate result of this is 
to produce a colony or composite structure, composed of a 
number of similar and partially independent beings, all pro- 
duced by budding, but all remaining in organic connection. 
This is seen very well in the sponges, in the compound fora- 
minifera, and in a great number of the Hydrozoa. When, on 
the other hand, the zodids produced by budding become finally 
detached from the parent organism, we have a case of what is 
called “discontinuous” gemmation. In this case, the detached 
zodids become completely independent beings; and they are 
often wholly unlike the original zodid in structure and in 
habits, so much so that they have in various cases been de- 
scribed as altogether distinct animals. Discontinuous gemma- 
tion is very well seen in many of the A’ydrozoa, and in them 
the case is still further complicated by the coexistence of dis- 
continuous gemmation with the continuous form of the process. 
Thus, it is not an uncommon thing amongst the Hydrozoa to 
find a composite organism or colony produced from a primordial 
zooid by continuous gemmation, and having at the same time 
the power of giving rise to detached and completely indepen- 
dent beings by a process of discontinuous gemmation. 
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In what is called “fission” (Lat. fizdo, I cleave), exactly the 
same results are attained as in gemmation, but in a slightly 
different manner. In gemmation the new beings are produced 
by means of buds thrown out by a primitive zodid. In fission 
the new beings are produced by a cleavage or division of a 
primitive zodid into two or more parts, each of which becomes 
finally developed into a new and more or less completely inde- 
pendent being. In fission, as in gemmation, the new beings or 
zoids may remain permanently in connection with one another, 
when the process is a continuous one, and a composite organism 
is produced as in many corals. Or, in other cases, the new 
zodids produced by fission are detached to lead an independent 
existence, as in some of the Hydrozoa, the process thus becom- 
ing a discontinuous one. 

We are now able to understand what is meant, in strict 
zoological language, by the term “individual,” as applied to 
animals. Zoologically speaking, an zudividual is defined as 
“egual to the total result of the development of a single ovum.” 
In the higher animals there is no sort of difficulty about this, 
for each ovum gives rise to no more than one single animal, 
which cannot produce fresh beings in any other way than by 
producing another ovum. In this case, therefore, each animal 
is an individual. In the lower animals, however, the being 
produced by an ovum has often the power of giving rise to 
fresh beings by a process of gemmation or fission, and these 
beings may either remain attached to one another so as to form 
a colony, or may become detached to lead independent lives. 
In either case, the term “individual” can only be properly 
applied to the whole assemblage of beings preduced in this 
way, however much they may differ from one another in appear- 
ance, structure, or mode of life. In these cases, therefore, the 
individual may be, fszZy, a single independent being—as, for 
instance, an Ameba, or an Infusorian such as Paramecium ; 
secondly, a colony or composite organism composed of a num- 
ber of more or less nearly similar beings or zodids, produced 
by budding from a primitive zodid—as, for instance, a sponge, 
or such an Infusorian as Eistylis ; and thirdly, an assemblage 
of zodids produced by budding or fission from a primitive 
being, but not necessarily remaining connected with one an- 
other or exhibiting any common features of likeness, as we shall 
see is the case in many of the Hydrozoa. Lastly, cases may 
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occur in which the individual consists partly of similar zodids 
which remain permanently connected with one another, and 
partly of dissimilar zodids which are detached to lead an inde- 
pendent life, all alike being the result of the development of a 
single ovum. 

Zo0id.—The term “zodid” is indifferently applied to all the 
more or less completely independent beings which are produced 
by budding, or by cleavage froma primitive organism. It does 
not matter, therefore, for the purposes of this definition, whether 
these beings remain permanently attached to the original organ- 
ism, or whether they are finally separated to enjoy an indepen- 
dent existence. 

flydrosoma.—The term Piedrosorit "is one which is very 
conveniently applied to the entire organism in any Hydrozodn, 
whether this be simple, or whether it be composite and made 
up of a number of connected zodids. 

Polypite.—That portion of any Hydrozodn which is concerned 
with the process of digestion, or, in other words, the “alimentary 
region, is termed the “ polypite”—the more generally current 
term of “polype” being now restricted in meaning to the same 
region in the higher Celenterata (Actinozoa). In such of the 
FHydrozoa as the fresh-water polype or Hydra, in which the 
hydrosoma is simple, the whole organism is termed a polypite ; 
but the term is more generally employed to indicate the nutri- 
tive zodids of any compound Aydrozoon. 

Cenosarc.— The term “coenosarc” (Gr. koinos, common; 
sarx, flesh) is employed to designate the common trunk or flesh 
by which the separate polypites of any compound Hydrozodn 
are united into a single organic whole. 

Distal and proximal—These are terms applied to different 
extremities of the hydrosoma. It is found that one extremity 
grows more quickly than the other, and to this free-growing 
end—at which the mouth is usually situated—the term “distal” 
is applied. To the more slowly-growing end of the hydrosoma 
the term “proximal” is applied. When the Hydrozodn is fixed 
to any solid object, it is by the proximal end that attachment 
is effected ; but in such forms as are permanently free this mode 
of distinction is inapplicable. The terms may be used either in 
reference to a single polypite in the compound Aydrozoa, or as 
regards the entire hydrosoma, whether this be simple or com- 
pound, 
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Polypary.—The term “ polypary” or “polypidom” is applied 
to the horny or chitinous outer covering or envelope with which 
many of the Hydrozoa are furnished. These terms have also 
been not uncommonly employed to designate the very similar 
structures produced by the much more highly organised sea- 
mats and their allies (Polyzoa) but it is better to restrict their 
use entirely to the Hydrozoa. 


62 INVERTEBRATE ANIMALS. 


CH ANP TES Ver 
DIVISIONS OF THE HYDROZOA. 


Tue Hydrozoa are divided into four great divisions, each of 
which requires some notice, as presenting points of special in- 
terest. These divisions or sub-classes are known by the names 
of Hydroida, Siphonophora, Discophora, and Lucernarida. 


SUB-CLASS HYDROIDA. 


This sub-class comprises all the sea-firs and their allies, com- 
monly known to naturalists as the “ Hydroid zoophytes,” from 
their resemblance to the fresh-water polype (ydra), which is 
also a member of this division. The Hydrodda are defined by 
the fact that they consist of an alimentary region or “ polypite,” 
which is furnished with a mouth and prehensile tentacles at tts 
distal end, and with an adherent disc at its proximal extremity. 
In some few cases the hydrosoma consists of but one such 
polypite (as in the Aydrida and some of the Corynida) ; but 
generally the hydrosoma is composed of a greater or less 
number of similar polypites all united by a coenosarc or com- 
mon trunk (as in the majority of the Coryzdda, and in the 
Sertularidaand Campanularida). Inthe great majority of cases, 
also, the hydrosoma is not unattached, but is fixed to some solid 
object by its proximal extremity or hydrorhiza. The Hydroid 
zoophytes exhibit three principal types of structure, which con- 
stitute so many orders. 


OrpER I. Hypripa.—In the first order we have only the 
well-known fresh-water polypes or Hydra, of which we may 
take the common green Hydra (H. viridis) as the type. This 
singular little creature may be found with a little trouble in 
most of our streams and pools, and it is quite visible to the 
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naked eye, though it can only be satisfactorily examined by the 
help of the microscope. When uncontracted, the body of the 
Hydra is in the form of a cylindrical tube (fig. 16, a, 4), com- 
posed of the two fundamental layers, the ectoderm and en- 
doderm, of which the former contains many thread-cells, and 
is likewise furnished with numerous green granules, stated to 
be identical with “chlorophyll,” or the green colouring-matter 
of plants. At the base or proximal extremity of the cylindrical 
body is a kind of disc-shaped sucker or hydrorhiza, by means 
of which the animal can attach itself at will to any foreign body. 
Its favourite position appears to be that of hanging head-down- 
wards, suspended from the stem of some water-plant. Itis not, 
however, permanently fixed, but it can detach itself and change 
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Vig, 16.—Morphology of Hydrozoa. a Diagrammatic section of Hydra: the dark 
line is the ectoderm, the fine line and clear space adjacent indicate the endoderm. 
6 Hydra viridis, showing a single ovum contained in the body-wall near the 
proximal extremity, and two conical elevations containing sperm-cells near the 
bases of the tentacles. c Hydra vulgaris, with an undetached bud—enlarged. 

@ Thread-cell of the Hydra, greatly magnified. 
its place at will. At the opposite or distal extremity of the body 
is placed the aperture of the mouth, surrounded by a circle of 
from five to fifteen small tubular filaments, which are termed 
the “tentacles” (fig. 11, 4). Each tentacle consists of a tubular 
prolongation of both ectoderm and endoderm, and encloses a 
canal which opens at its base into the general cavity of the body. 
The ectoderm of the tentacles is richly furnished with thread- 
cells, and they are also well supplied with muscular fibres. 
They exhibit the most extraordinary contractility, being capable 
of retraction till they appear as nothing more than so many little 
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warts or tubercles, and of being extended to a length which is 
in some species many times longer than the body itself. (In 
Hydra fusca the tentacles can be protruded to a length of 
more thaneight inches.) The tentacles are the organs by means 
of which the Hydra obtains its food, consisting chiefly of minute 
aquatic organisms, such as small worms, insects, Crustacea and 
Rotifera. These are seized by the tentacles and gradually 
drawn into the mouth; but in addition to this merely mechan- 
ical action, the tentacles appear to exercise a benumbing or 
even fatal influence upon the animals grasped by them,—this 

being apparently due to the thread-cells with which they are 
furnished. The mouth in the Hydra opens directly into a capa- 
cious cylindrical cavity, which is excavated along the whole 
length of the body, and which is both the body-cavity and the 
stomach in one. This cavity (fig. 16, a, 4) is filled with water 
derived from the exterior, and also with the nutritive particles 
derived from the food. Indigestible fragments appear to be 
rejected by the mouth, though an anal aperture has been as- 
serted to be present. There are no internal organs of any kind. 
Physiologically, therefore, the Yydra presents little advance upon 
the higher Protozoa, such as the /ufusoria. There is a per- 
manent mouth, surrounded by permanent and special organs 
adapted for the seizure of food. There is also a permanent in- 
ternal cavity for the reception and digestion of the food, but this 
is not shut off from the general cavity of the body. There is no 
organ for the propulsion of the nutritive fluid through the body, 
no nervous system or organs of sense, and no special respiratory 
or excretory organs. Another and striking proof of the essen- 
tially low position of the Hydra in the animal scale is to be 
found in its extraordinary capacity of resisting mutilation, or, in 
fact, mechanical injury of any kind short of absolute annihila- 
tion. The briefest illustration of this fact is all that can here 
be given, but with that the name of Trembley of Geneva must 
be associated. This well-known observer, in a long series of 
experiments, most of which have been successfully repeated by 
subsequent naturalists, discovered that the Hydra could be 
mechanically divided with a knife into any number of frag- 
ments, with the sole result that each and all of these possessed 
the power of developing themselves into fresh and independent 
polypites. Further, the animal could even be turned inside out, 
with a necessary transposition of the ectoderm and endoderm, 
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without any apparent inconvenience or interference with its 
health. 

Reproduction in the Hydra is effected non-sexually by gem- 
mation, and sexually by the production of ova and sperm-cells; 
the former process being followed in summer and the latter in 
autumn, few individuals appearing to survive the winter. In 
the first or non-sexual method, the Hydra throws out one or 
more buds, usually from near the fixed or proximal extremity 
(fig. 16, c). These buds at first consist simply of a tubular pro- 
longation of the ectoderm and endoderm, enclosing a cavity 
which communicates with the general cavity of the body. A 
new mouth and tentacles are soon developed at the distal end 
of this bud, and after a longer or shorter period the new Hydra, 
thus produced, is detached to lead an independent life. Each 
Hydra can produce many such buds during the summer season, 
and the liberated buds can also repeat the same process, so that 
in this way reproduction is rapidly carried on. In the second 
or sexual method of reproduction, ova and sperm-cells are pro- 
duced towards the winter in external processes of the body-wall. 
The spermatozoa are developed in little ‘conical elevations, 
which are produced near the bases of the tentacles ; and the ova 
are formed in much larger elevations, of which there is ordi- 
narily but one, placed nearer to the fixed or proximal extremity 
of the animal (fig. 16, 6). When mature, the ovum is fertilised 
by the sperm-cells, both being set free into the water by the 
rupture of the body-wall. The embryo “Hydra is at first cov- 
ered with vibrating cilia, and swims freely about, until it meets 
with a suitable locality. It then fixes itself by one extremity, 
the cilia drop off, and a mouth and tentacles are developed at 
the distal end of the body. 


ORDER II. CorynipA.—In the second order of the Hydroid 
zoophytes, known as the Corynida or Tubularida, we have a 
number of organisms which in their essential structure are 
closely related to the Hydra, but which differ considerably in 
the nature of the reproductive process. All of them are marine, 
with the single exception of the genus Cordylophora, which in- 
habits fresh water. Some of the members of the order are 
simple, consisting of no more than a single polypite. In these 
cases there is an exceedingly close approach to the structure of 
the common Hydra, but the polypite is permanently fixed with- 
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out the power of voluntarily changing its place, whilst the re- 
productive process is considerably different. In the majority of 
the Corynida, however, the hydrosoma is compound, consisting 
of a greater or less number of separate polypites or zodids, all 
connected with one another by a common flesh or coenosarc, 
and all forming parts of a plant-like rooted colony. In some of 
the Corynida the polypites are naked, but in most cases the 
coenosare is protected by a horny-looking chitinous* envelope 
or “polypary,”’ as in 7ubularia indivisa (fig. 17). In no case, 
however, is this horny covering so 
SUZ prolonged as to form little cups in 
we \W which each polypite is contained. 
ZN Os It always stops short at the bases of 
the polypites, and in this way the 
s Corynida can always be distinguish- 
ed from their near allies, the sea-firs 
(Sertularida). 

As a good example of the Cory- 
nida, the common pipe - coralline 
(Tubularia indivisa) may be taken. 
In this animal (fig. 17) we have a 
gregarious zoophyte consisting of 
‘numerous clustered horny tubes, 
fixed by their bases to shells or 
stones, and inhabiting most of our 
British seas. The tubes are usually 
unbranched, though often consid- 
erably interwoven together. Each 
tube is filled with a soft semi-fluid, 
reddish coenosarc, and gives exit at 
its distal extremity to a single poly- 
Fig. 17.—Fragment of Txbularia pite. The polypites are bright red in 

endivisa, natural size. colour, and are not retractile within 
their tubes, the horny polypary extending only to their bases. 
The polypites are somewhat conical in shape, the mouth being 
placed at the apex of the cone, and they are furnished with two 
sets of tentacles. One set consists of numerous short tentacles 
placed directly round the mouth, the other is composed of 
from thirty to forty tentacula of much greater length arising 


* Chitine is a substance which is nearly allied to horn, but is distinguished from it 
by the fact that it is not soluble in caustic potash. 
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from the polypite about its middle or near its base. Near the 
insertion of these tentacles the generative buds are produced 
at proper seasons. In ELudendrium (the branched pipe-coral- 
line) thé essential structure is much the same as in 7zéu/arza, 
but the hydrosoma is now truly compound, consisting of a 
number of non-retractile reddish polypites, united by a coeno- 
sarc, which is furnished with a horny polypary, the whole 
colony assuming a singularly close resemblance to a plant. In 
Cordylophora—the only fresh-water member of the order—we 
find also a branched composite hydrosoma carrying numerous 
polypites, and having the ccenosarc defended by a horny sheath 
(fig. 18, a, 6). In Coryomorpha, finally, we have a type of the 


Fig. 18.—a Fragment of Cordylophora lacustris, slightly enlarged ; 6 Fragment of 
the same, considerably enlarged, showing a polypite and three gonophores in 
different stages of growth; ¢ Portion of Syncoryne Sarsii, with medusiform 
zodids budding between the tentacles. 
Corynida, in which the hydrosoma consists of no more than a 
single polypite, and there is no polypary. It is about fom 
inches in length, and is fixed by filamentous roots to the bot- 
tom of the sea. It consists of a single whitish polypite, striped 
with pink, and terminating upwards in a pear-shaped head, 
furnished with two sets of tentacles, the shortest of which form a 
circlet round the mouth. When young, the body of the animal 
is enclosed in a thin membranous tube, which seems to be 
wholly without organic connection with the animal itself, and 
which is wanting in fully-grown specimens. 

As regards the generative process in the Corynzda, it may be 
as well to consider the general phenomena of reproduction as 
carried on by all the Hydroid zoophytes, the general characters 
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of the process being of a most remarkable nature. As has 
been already explained, the individual in the case of the com- 
pound //ydrozoa consists of an aggregation or colony of par- 
tially independent beings or zodids, produced by gemmation or 
fission from a primordial organism. This is the case in all com- 
posite animals, such as sponges, sea-mats, corals, and many 
others. In many of the compound Aydrozoa, however, the case 
becomes still further complicated. In many of these organisms, 
namely, the zodids differ very much from one another both in 
structure and in function. One set of zodids is entirely devoted 
to the duty of providing food for the colony, and in these no 
reproductive organs are ever developed. These nutritive 
zodids are all like each other in form, and the whole assem- 
blage of them has been appropriately termed the “trophosome” 
(Allman), from the Greek ¢vefho, I nourish; and soma, body. 
The colony or trophosome thus formed by the nutritive zodids 
can go on increasing by the production of fresh zodids for an 
almost indefinite period ; but in all cases there ultimately comes 
a time when it becomes necessary to produce the essential ele- 
ments of reproduction in order to secure the perpetuation of 
the species. The nutritive zodids, as just stated, cannot pro- 
duce the ova and sperm-cells, being destitute of reproductive 
organs, and the colony is therefore compelled to produce a 
second set of buds, which have the power of producing the 
essential elements of reproduction. These buds are collectively 
called the ‘“‘gonosome” (Gr. gozos, offspring ; and soma, body). 
The generative buds have the further peculiarity that not only 
can they produce the generative elements, but they are alto- 
gether unlike the nutritive zodids in appearance. This differ- 
ence in external appearance and in structure is sometimes so 
great as to lead to a most remarkable series of phenomena. In 
the simplest form in which these generative buds or “gono- 
phores” appear, they have the form of mere protuberances of 
the ectoderm and endoderm (fig. 19, a), enclosing a cavity 
derived from the body-cavity. In these buds the generative 
elements—ova and spermatozoa—are developed (fig. 18, 4). In 
other instances, the generative buds have a more complicated 
structure. They consist now (fig. 19, c) of a bell-shaped disc, 
which is attached by its base to the parent organism, and has 
its cavity turned outwards (see also fig. 18, ¢c). From the 
roof of this disc there is suspended a kind of handle, which 
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corresponds to the clapper of the bell, and is termed the 
“manubrium” (Lat. for handle). From the fixed or proxi- 
mal extremity of the central process or manubrium proceed 
four canals, which extend to the margin of the bell, where 
they all open into a circular canal surrounding the mouth 
of the bell. This bell-shaped reproductive bud may attain no 
higher development than this, and may remain permanently 
attached to the parent organism from which it is produced. 
In other cases, however, a higher state of development is 
reached (fig. 19, @). The generative bud or gonophore 
becomes detached from its parent colony; the manubrium 
or central process develops a mouth at its free or distal 
extremity ; the mouth of the bell becomes partially closed 
by an inward prolongation or shelf, called the “veil;” and 
a series of tentacles are developed from its margin. The 
generative bud, thus liberated, leads a wholly independent 
existence. The manubrium, having developed a mouth, as- 


Fig. 19.—Generative buds or gonophores of the Hyarozoa diagramatically repre- 
sented. a@ Simple gonophore, consisting merely of a protuberance of the ecto- 
derm and endoderm; c Gonophore which has the structure of a Medusa 
(medusoid), but is not detached: d@ Free medusiform gonophore. 


sumes the functions of a true polypite, and its cavity acts as a 
digestive sac. The whole organism swims about freely, and 
has the power of assimilating food, and thus of attaining to a 
comparatively gigantic size. This independent existence, how- 
ever, only goes on till such time as the elements of reproduc- 
tion can be produced. The ova and sperm-cells are developed 
in specialised portions of this generative bud, and then it ceases 
to exist. The ova, however, when fertilised, do not develop 
themselves into the free-swimming bell-shaped organisms in 
which they were actually produced, but into the plant-like, 
rooted, and compound zoophyte, from which the generative 
buds were originally given forth. These free-swimming bell- 
shaped reproductive buds or gonophores, as we shall see, are 
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identical structurally with the smaller forms of the so-called 
sea-jellies or Medus@; and it is now known that most if not 
all of these Meduse, though originally described as distinct 
beings, are really nothing more than the free generative buds 
of the fixed AHydrozoa. We have here, then, an instance of 
what has been not quite appropriately called “alternation of 
generations.” We have a compound fixed animal, in many 
respects comparable to a plant, producing a special series of 
buds which are devoted to the process of reproduction. These 
buds are cast off as independent beings to lead an independent 
life, and they are furnished with the necessary organs to preserve 
their existence till they are able to mature the reproductive ele- 
ments. When once able to consummate this, they die; but the 
young to which they give origin are wholly unlike themselves. 
The young, namely, instead of being free-swimming “ medusi- 
form” beings, become developed into the fixed plant-like colony 
from which the generative buds were originally produced. 
The term “alternation of generations” is not an altogether 
good one, and does not quite express the facts of the case. 
There is not any alternation of generations, but there is an 
alternation of generation with gemmation or budding. The 
only true generative act takes place in the reproductive zooid 
or gonophore, in which the ova and sperm-cells are developed. 
The production of this gonophore from the parent organism 
(trophosome) is a process, not of generation, but of gemmation 
or budding. The whole process, therefore, is, properly speak- 
ing, not an ‘alternation of generations,” but an alternation of 
generation with gemmation. 

To recapitulate, then,—the process of reproduction in the 
Hydroid zoophytes is carried on by means of reproductive 
buds or gonophores, which are produced at special seasons, 
and in which the reproductive elements are developed. These 
generative buds differ a good deal in their character, but three 
chief kinds may be distinguished: 1. Simple closed sacs or 
protuberances formed out of both ectederm and endoderm, 
and having the special elements of generation developed in 
their interior. 2. Bell-shaped buds, attached to the parent 
colony by their bases, and having a central process or manu- 
brium, which is furnished with a mouth and central cavity, 
from which there is given off a system of canals to ramify in 
the substance of the disc. The reproductive elements are 
developed either in the walls of these canals or between the 
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ectoderm and endoderm of the manubrium. From the resem- 
blance of these buds in anatomical structure to the so-called 
sea-jellies or Medusa, they are usually spoken of as “ medusi- 
form gonophores,” or simply as “medusoids.” In this form, 
however, though highly organised, the buds never become de- 
tached from the parent colony. 3. Buds which become devel- 
oped into bell-shaped medusiform bodies exactly similar in 
structure to the last, but detached to lead an independent 
existence. These free-swimming medusiform gonophores are 
anatomically indistinguishable from ordinary Meduse; and it 
is now known that most, if not all, of the so-called “naked- 
eyed” Medus@, are really the detached generative buds of 
other orders of Hydrozoa. The special elements of reproduc- 
tion are developed in these detached buds, but the resulting 
embryos are not developed into Medus@, such as produced the 
ova and sperm-cells, but straightway grow up into the plant- 
like sexless colony, from which the medusiform gonophores 
were originally budded forth. In these cases, therefore, the 
endividual Hydroid consists of a fixed, rooted colony or tro- 
phosome, producing fresh zodids by a process of budding, but 
incapable of producing the essential elements of reproduction, 
together with a free and independent series of generative 
buds or gonosome, in which the elements of reproduction are 
developed. 


ORDER III. SERTULARIDA.—In this order of the flydroida 
we have the most familiar and best known of all our zoophytes 
—namely, the sea-firs and their allies. The horny plant-like 
polyparies of the Sertudarida are familiar to every visitor at the 
sea-side, and by those unacquainted with their true nature they 
are almost universally set down as sea-weeds. The Sertularida 
are very Closely allied to the compound forms of the Corynida, 
resembling them in being rooted, plant-like colonies, composed 
of a number of similar polypites or zodids, produced by budding 
from a primitive zdoid. As in the Tubularians amongst the 
Corynida, the whole coenosarc is enveloped ina horny or chiti- 
nous envelope or polypary (fig. 20, a), and this is the structure 
which is most familiarly known to sea-side observers. The 
Sertularida, however, are distinguished from the Corynida by 
two points. Firstly, none of the Sertularida are simple, but 
are all compound, consisting of more or less numerous poly- 
pites, united by a branched ccenosarc. Secondly, the polypary 
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of the Sertularida differs from that of the Coryndda in not 
simply reaching to the bases of the polypites, but in being pro- 
longed to form a number of little cups or “hydrothecz” (fig. 
20, a, 6) within which the polypites are lodged. Each polypite 
has a hydrotheca of its own, within which it can entirely with- 
draw, and from which it can protrude its distal extremity. 

The polypites of the Sertularida have essentially the same 
structure as in the Coryuzda, and each may be compared to a 
little Hydra. Each, namely, consists of a soft contractile and 
extensile body, which is furnished at its distal extremity with a 


Vig. 20.—a Sertaluria (Diphasia) pinnata, natural size; 4 Fragment of the same 
enlarged, carrying a male capsule (0), and showing the hydrotheca (z); 4 Frag- 
ment of Campanularia neglecta (after Hincks), showing the polypites contained 
in their hydrothece (Z), and also the point at which the ccoenosare communicates 
with the stomach of the polypite (c). 

mouth and a circlet of prehensile tentacles, richly furnished with 
thread-cells. The mouth opens into a chamber which occu- 
pies the whole length of the polypite, and which is to be re- 
garded as the combined body-cavity and digestive sac. At its 
lower end this chamber opens by a constricted aperture into a 
tubular cavity, which is everywhere excavated in the substance 
of the coenosarc (fig. 20, 4). The nutrient particles obtained by 
each polypite thus serve for the support of the entire colony, 
and are distributed throughout the entire organism. The nutri- 
tive fluid prepared in the interior of each polypite gains access 
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through the above-mentioned aperture to the cavity of the coeno- 
sarc, which, by the combined éxertions of the whole assemblage 
of polypites, thus becomes filled with a granular nutritive liquid. 
This coenosarcal fluid is in constant movement, circulating 
through all parts of the colony, and thus maintaining its vitality 
—the cause of the movement being probably due, in part, at any 
rate, to the existence of vibrating cilia. 

The process of reproduction varies somewhat in different 
members of the order. In all alike, however, the ordinary 
polypites are incapable of producing the essential elements of 
reproduction, and for this purpose special generative buds have 
to be developed. In the typical Sertularians the reproductive 
buds are developed at certain seasons in great numbers, and 
they constitute what used to be called 
the “ovarian vesicles” or “capsules” 
(fig. 21). These reproductive buds are 
enclosed in horny cups or receptacles, 
often of a very beautiful shape, and 
much larger in size than the ordinary 
hydrothece (fig. 20, a, d) Each bud 
may be compared to a polypite destitute 
of a mouth and tentacles, being composed 
of a protuberance of the ectoderm and 
endoderm, containing a prolongation from 
the general cavity of the ccenosarc. 
The essential elements of reproduction 
are developed between the ectoderm and 
endoderm of the bud, and the resulting _ 
embryo is finally liberated asa little oval * ee Se eena nee. 
body covered with cilia, with which it  ofercudata, Linn. (After 
swims freely about, until it meets with gq -Hincks.) Greatly en- 

3 ; i : larged. 
suitable locality, when it fixes itself, loses ; 
its cilia, and by budding soon develops another colony. As 
a general rule, each capsule in the Sertudarida contains a num- 
ber of the reproductive buds, which are all borne upon a centra 
axis which runs up the middle of the capsule, and is derived 
from the coenosarc. 

In one division of this group—often described as a separate 
order, under the name of Campanularida—some points of dif- 
ference are observable. In the typical Sertularians the little 
cups or hydrothece for the polypites are placed on the sides of 
the branches, and they are not stalked (fig. 20, 4), whilst the 
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reproductive elements are produced in fixed buds. In the 
Campanularida, on the other hand (fig. 20, 4), the hydrothece 
are supported upon stalks, and are placed at the ends of the 
branches, whilst the generative buds are usually detached to 
lead an independent existence. In these forms the reproductive 
zodids or gonophores start as simple buds; but they become 
gradually developed into free-swimming medusoids, such as 
have been before alluded to. Each medusoid consists of a 
little transparent glassy bell, from 
the under surface of which there is 
suspended a modified polypite, in 
the form of a manubrium (fig. 22). 
The whole organism swims gaily 
through the water, propelled by the 
contractions of the bell or disc ; and 
no one would suspect now that it 
was in any way related to the fixed 
plant-like zoophyte from which it 
was originally budded off. The 
central polypite is furnished with a’ 
mouth at its distal end, and the 
mouth opens into a digestive sac. 
From the proximal end of this 
stomach proceed four radiating 
canals which extend to the margins 
of the bell, where they all open 
into a circular vessel which runs 
round the mouth of the bell. From 
the circumference of the bell hang 
Fig. 22.—Gonophore of one of also a number of delicate externsile 
the Campanularida. filaments or tentacles ; and the mar- 
gin is further adorned with a series of brightly-coloured spots, 
which are probably rudimentary organs of vision and hearing. 
The mouth of the bell is partially closed by a delicate trans- 
parent membrane or shelf, the so-called “ veil.” Thus constituted, 
these beautiful little beings lead an independent and locomotive 
existence for a longer or shorter period. Ultimately ova and 
sperm-cells are produced in special organs, which are developed 
in the course of the radiating canals of the disc. The resulting’ 
embryos are minute free-swimming bodies, covered with cilia, 
which finally fix themselves, and develop into the plant-like 
colonies from which the medusoids were derived. 
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CHAPTER VI. 
SUB-CLASS SIPHONOPHORA. 


THE animals included under the name of Szphonophora are often 
known as the “oceanic Hydrozoa,” as they are not fixed like 
the Hydroid zoophytes, but are found swimming at the surface 
of the open ocean, far from land. They are all singularly delicate 
and beautiful organisms, but they require little notice here. They 
are distinguished from the Hydroid zoophytes, which we have 
been just considering, by the fact that the hydrosoma consists 0 * 
numerous polypites, united by a common trunk or ccenosarc, 
which is very rarely branched, and is never furnished ,with 
any hard outer covering or polypary, so that it remains perma- 
nently soft and flexible throughout life. The proximal end of 
the ccenosarc, as already remarked, is not fixed, or capable of 
being fixed, to any solid object, but is variously modified to suit 
the requirements of the floating colony. As in the Hydrozda, 
the reproductive organs are in the form of special buds, which 
have the power of developing the essential elements of generation, 
and which are often detached as free-swimming medusoids. 
The entire sub-class is divided into two great groups or 
orders, and it will be sufficient to consider shortly a typical 
form of each. In the first order—that of the Calycophoride— 
the coenosarc is thread-like, cylindrical, unbranched, and highly 
contractile. The cavity of the coenosarc dilates proximally 
into a peculiar ciliated chamber, which is the distinguishing 
character of the order (fig. 23,3 0). The name of Calycophoride 
(Gr. kalux, a cup; and phero, I bear), is, however, derived from 
another circumstance—namely, that the proximal end of the 
ccenosarc is always furnished with a series of bell-shaped discs, 
which are known as “swimming-bells” or ‘“nectocalyces.” 
Each nectocalyx consists of a bell-shaped cup (fig. 23, 2), at- 
tached by its base to the coenosarc, and having its cavity turned 
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outwards. In the substance of the disc run at least four canals, 
which communicate with the cavity of the coenosarc, and pro- 
ceed to the margin of the bell, where they all open into a cir- 
cular vessel. The mouth of the bell is also furnished with 
a delicate ledge, which runs round its circumference, and is 
known as the “veil.” The structure, therefore, of the necto- 
calyces, is very similar to that of an ordinary medusiform 
gonophore, the chief difference being the absence in the former 
of the central polypite or manubrium. The nectocalyces are 
highly muscular, and have the power of alternately contracting 


ry 


Fig. 23.—Morphology of Oceanic Hydrozoa. 1. Diagram of the proximal end of 
a Physophorid; a Float: 2. Vogtia pentacantha, one of the C alycophoride ; n 
Nectocalyces ; 4 Polypites; ¢ Tentacles: 3. Diagram of a Calycophorid; a a’ 
Nectocalyces ; 6 Proximal dilatation of the coenosarc; ¢ Coenosarc ; d Bract; e 
Medusiform gonophore; / Polypite (after Huxley). 


and dilating, thus driving the whole organism through the 
water. In Vogtza (fig. 23, 2), which may be taken as a good 
example of the group, the nectocalyces (7) are succeeded bya 
group of polypites (Z). Each polypite is furnished with a 
mouth opening into a digestive sac, which in turn communi- 
cates with the cavity of the coenosarc. In most instances, but 
not in Vogtia, each polypite is protected by a kind of over- 
arching plate, which is termed a “bract.’. The mouths of the 
polypites are not furnished with a circlet of tentacles, but each 
polypite has only a single tentacle developed from near its base. 
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The tentacles are usually of a very great length, and furnished 
with lateral branches, provided with numerous thread-cells. 
The reproductive organs of the Calycophorid@ are in the form 
of medusiform gonophores, which are budded from the stalks 
of the polypites, and which are mostly detached to lead an inde- 
pendent existence. 

The second order of the oceanic Hydrozoa is that of the 
Physophoride (Gr. physa, a bladder; and phero, I carry), of 
which the most familiar, though not the most typical, example 
is the Portuguese man-of-war, Physalia utriculus (fig. 24, a). 
The Physophoride are distinguished from the organisms which 
we have been just considering by the fact that the proximal 
extremity of the coenosarc is developed into a structure which is 
known as the “float” or “pneumatophore.” The float contains a 
larger or smaller sac, composed of some elastic horny substance, 
probably chitine, often communicating with the exterior by one 
or more apertures, and always more or less completely filled with 
air. This sac is enclosed in a reflection of the ectoderm and 
endoderm, so. that it is really outside the cavity of the coenosarc 
(fig. 23, a). The function of the float is no doubt that of en- 
abling the organism to maintain its position at the surface of 
the sea. As in the Calycophorida, the coenosarc is always per- 
fectly flexible, contractile, and soft, and is never furnished with 
any chitinous covering or polypary. There may or may not 
be swimming-bells or nectocalyces, and the tentacles are very 
complicated in structure, and often attain a length of many feet. 
The polypites present no special points of interest, but are often 
furnished with the protective plates, which have been already 
spoken of as “ bracts.” 

As a good example of the Physophoride, the Portuguese 
man-of-war may be taken (fig. 24, a). It is composed of a 
large spindle-shaped float, often of several inches in length, 
upon the under surface of which are arranged a number of 
polypites, together with highly-contractile tentacles of great 
length, and reproductive organs. The tentacles are richly 
furnished with thread-cells; and it has the power of stinging 
very severely. Physalia is commonly found floating at the 
surface of tropical and sub-tropical seas, and fleets of it are 
occasionally driven upon our own shores. 

Another very beautiful member of the Physophoride is the 
Velella vulgaris, which occurs abundantly in many seas, and is 
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sometimes floated to our own coasts. It is about two inches in 
length by one and a half in height. The proximal end of the 
coenosarc is greatly expanded and flattened out into an oval 
disc, which carries a vertical triangular crest, runing obliquely 
across its upper surface (fig. 24, 46). The whole organism is 
semi-transparent and of a beautiful bluish colour, and it floats 
at the surface of the sea with the vertical crest exposed to the 
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Fig. 24.—a Portuguese man-of-war (after Huxley); 
6 Velella vulgaris (after Gosse). 


influence of the wind, and thus officiating as a sail. From the 


under surface of the disc are suspended the various appendages 
of the organism, consisting of a single large central polypite, a 
number of processes, like polypites in shape, and carrying 
medusiform gonophores; and lastly, a single series of ten- 
tacles which arise from the ccenosarc quite independently of 


the polypites. 
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CHAPTER VII. 


SUB-CLASS DISCOPHORA. 


THE group of AHydrozoa here spoken of as Dzscophora or 
Meduside comprises most of the familiar organisms known to 
visitors at the sea-side as sea-jellies, jelly-fishes, or sea-nettles ; 
this last name being derived from the power possessed by some 
of them of stinging pretty severely in virtue of the possession of 
numerous thread-cells. Under the name, however, of sea-jellies 
are included a number of large organisms, extremely common 
at certain seasons in our seas, but now known to be properly 
referable to another group of the Hydrozoa (viz., Lucernarida). 
It is these large forms which alone possess any power of sting- 
ing man, and to these the term of “sea-nettles” ought properly 
to be restricted. They are better known under the name of 
“hidden-eyed” Medus@, applied to them by the late Edward 
Forbes. Under the present group of the MWedusid@ are in- 
cluded only a number of small jelly-fishes, found in great abund- 
ance at certain times, floating in the open sea, but nevertheless 
very little known to the general public in consequence of their 
very minute size. These delicate and diminutive organisms 
were originally described by Edward Forbes, for reasons to be 
immediately stated, as the “naked-eyed” Meduse@. It is now 
known, however, that most of these naked-eyed J/eduse@ are in 
reality nothing more than the free-swimming generative buds, 
or medusiform gonophores, produced by budding from so 
many of the other Hydvozoa, and then detached, as we have 
formerly seen, to lead an independent existence. That this is 
their true nature, is shown by the fact that the eggs which they 
produce, develop themselves, not into fresh J/edus@, but into 
various other forms of Hydrozoa, which are fixed or oceanic. 
Under these circumstances, therefore, the naked-eyed Jeduse 
which can be shown to be of this nature, cannot, of course, be 
regarded as distinct animals at all. Still, there remains a con- 
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siderable group of naked-eyed JZedus@ to which this explana- 
tion has not hitherto been shown to apply. In most of the 
members of this group the course of development is quite un- 
known, and therefore their true nature is a matter of doubt. 
Two families, however, of this group are stated to produce eggs 
which develop directly into eduse, such as those which gave 
origin to the eggs; and if this observation is confirmed, these, 
at any rate, must be regarded as true Meduside. In the 
meanwhile, therefore, it is best to regard the group of the Dzs- 
cophora or Meduside as of a questionable nature, and as in- 
cluding forms which may ultimately be shown to be nothing 
more than the detached zodids of other Aydrozoa. Under 
these circumstances it will not be requisite to do more than very 
briefly to describe the anatomical structure of a typical Weduszd; 
and this is the less necessary, since it will be seen at once that 
the structure is in all essential respects identical with what has 
been already described in speaking of the free medusiform 
gonophores of the Hydroid zoophytes. 


Fig. 25.—Morphology of Mcduside. a Medusid (Thausmantias) seen in protile, 
showing the central polypite,:the radiating and circular canals of the disc, the 
reproductive drgans borne in the course of the former, the marginal bodies and 
tentacles; 4 The same, viewed from below. The dotted line indicates the mar- 
gin of the ‘‘ veil.” 


In all the naked-eyed Meduse, of which Thamantias (fig. 
25) may be taken as a good example, the general structure 1s 
briefly as follows: The hydrosoma is perfectly free and is 
oceanic, being found swimming near the surface in the open 
ocean. The body is composed of a thick, transparent, gelatin- 
ous disc or swimming-bell (the nectocalyx), by the pulsations 
of which the animal is driven through the water. From the 
under surface or roof of this bell-shaped disc is suspended a 
single polypite (the manubrium), which bears to the disc the 
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same relative position as the clapper does to an ordinary hand- 
bell, The distal end of the central polypite is furnished with a 
mouth, the lips of which are often prolonged into four longer or 
shorter lobes or processes. The mouth opens into a digestive 
sac, occupying the axis of the polypite ; and from the upper end 
of this proceed four radiating canals, which run in the substance 
of the disc to its margin, where they are united by a single cir- 
cular vessel, the whole system constituting the so-called “gastro- 
vascular” or “nectocalycine” canals. The margin of the bell 
is narrowed by a kind of shelf, which runs round the whole 
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Fig. 26.—Naked-eyed Meduse. a Sarsia gemmiifera; b Modeeria formosa ; 
c Polyxenia Alderi (after Gosse). 


circumference, leaving a central aperture, and which is known 
as the ‘‘veil.” From the margin of the disc hang more or less 
numerous tentacles, which are hollow processes of the ectoderm 
and endoderm, and which communicate with the circular vessel 
of the canal-system. Also round the circumference of the 
swimming-bell are disposed certain “marginal bodies,” which 
are doubtless organs of sense. Some of these marginal bodies 
consist of little rounded sacs or “vesicles,” filled with a trans- 
parent fluid, and containing mineral particles, apparently of 
F 


82 INVERTEBRATE ANIMALS. 


carbonate of lime. These are probably rudimentary organs of 
hearing. Others of the marginal bodies are in the form of little 
masses of colouring-matter or pigment, often of a strikingly 
bright colour, enclosed in distinct cavities. These are known 
as the “ pigment-spots” or “eye-specks,” and they are believed 
to be rudimentary organs of vision. They are placed in a con- 
spicuous and unprotected position on the margin of the disc, 
and hence these organisms were termed “naked-eyed” Meduse 
by Edward Forbes. The reproductive organs are mostly de- 
veloped in the course of the radiating gastro-vascular canals, 
‘but are sometimes situated in the walls of the central polypite. 
The above is the essential structure of any of the ordinary 
naked-eyed Meduse; and it is hardly necessary to remark that 
it is exactly similar to what has been formerly described as 
distinguishing the undoubted free-swimming reproductive buds 
of the fixed Hydrozoa. The probabilities, therefore, as before 
said, are in favour of the belief that the entire group of the 
Discophora will have to be ultimately done away with. 

The naked-eyed A/eduse (fig. 26), are all exceedingly elegant 
and attractive, when examined in a living condition, resembling 
little bells of the most transparent glass, adorned here and there 
with the most brilliant colours. They occur, in their proper 
localities and at proper seasons, in enormous numbers, and 
they constitute one of the staple articles of diet to the Green- 
land whale. They are mostly phosphorescent, or capable 
of giving out light at night, and they appear to be one of the 
principal sources of the luminosity of the sea. It does not 
seem, however, that they phosphoresce unless disturbed or 
irritated in some way. 
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CHAPTER VIIL. 


SUB-CLASSES LUCERNARIDA AND GRAPTOLITIDA. 


THE last remaining group of the living Hydrozoa is that of the 
Lucernarida, under which name are included a considerable 
number of forms, differing from one another to a great extent 


in external appearance. It will be suf- 
ficient here to describe one or two 
typical forms. 

One group of the Lucernarida is 
represented by Lucernaria itself (fig. 
27), which occurs not uncommonly in 
our own seas. In Lucernaria we have 
a cup-shaped body of a more or less 
gelatinous consistence, usually found 
attached by its smaller extremity to 
sea-weeds, this end of the body being 
developed into a small sucker. Like 
the Hydra, however, Lucernaria is not 
fixed, but can detach itself at will, and 


can even swim freely by means of the - 


alternate contraction and expansion of 
the cup-shaped body (or “umbrella,” 
as it is termed). Round the margin of 
the cup are tufts of short tentacular 
processes, and in its centre is fixed a 
single polypite, furnished with a four- 
lobed mouth. The essential elements 
of reproduction are developed within 
the body of Lucernaria itself, and it 


Fig. 27.—Two specimens of 
Lucernaria auricula at- 
tached to a piece of sea- 
weed (after Johnston). 


does not give off any generative buds, as so commonly occurs 


in other forms. 
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Another type of the Lucernarida is represented by the organ- 
isms formerly termed “hidden-eyed” MZeduse@ and familiarly 
‘known as sea-nettles or sea-blubbers. Every sea-side visitor is 
familiar with the great circular discs of jelly which are left 
upon the sands by the retreating tide during the summer 
months; and many must have noticed on a calm day the large 
transparent discs of these same creatures slowly flapping their 
way through the water. Not a few, too, must have learnt by 
painful experience that some of these singular organisms have 
the power of stinging most severely, if incautiously handled. 
The forms included under the old name of “covered-eyed ” 
Medus@ differ considerably from one another in their nature, 
and even in their structure, though they all present, in spite of 
their much greater size, a decided resemblance to the naked- 
eyed Meduse already described. Some of the covered - eyed 
Meduse produce eggs which are developed into organisms 
resembling themselves; but most of them are now known to 
be nothing more than the free-swimming reproductive buds of 
minute rooted Hydrozoa. It will be sufficient here to describe 
shortly the life-history of one of the more remarkable forms of 
this section. 


Fig. 28.— Development of Lucernarida (CArysaora). a Ciliated embryo; & Hy- 
dra-tuba; ¢ Hydra-tuba beginning to divide by transverse cleavage; d The 
cleavage still further advanced ; ¢ A form in which the cleavage has proceeded 
still further, and a fresh circle of tentacles has been produced near the base ; 
J Free-swimming generative zodid, produced by fission from the Hydra-tuba. © 


If we commence with the young form of one of these singular 
animals, we find that the egg gives origin to a little microscopic 
ciliated body, which swims about freely by means of the cilia 
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with which its surface is covered (fig. 28, a), This little body, 
on finding a suitable locality, fixes itself by one: end, and de- 
velops a mouth and tentacles at the other, when it is known 
as a “ Hydra-tuba” (fig. 28, 4), from its resemblance in shape 
to the fresh-water polype or Hydra. The Hydra-tuba is only 
about half an inch in height, and it possesses the power of 
forming large colonies by gemmation, whilst it is incapable 
of developing the essential elements of reproduction. Under 
certain circumstances, however, reproductive zodids are pro- 
duced by the following singular process: The Hydra-tuba be- 
comes elongated and exhibits a number of transverse grooves 
(fig. 28, c). These grooves go on getting deeper and deeper, 
and become lobed at their margins, till the whole organism 
assumes the aspect of a pile of saucers placed one above the 
other (fig. 28, @). The tentacles now disappear, and a fresh 
circle is formed close to the base of the Hydra-tuba (fig. 28, ¢). 
Finally, all the saucer-like segments above the new circle of 
tentacles drop off one by one, and present themselves in the 
form of independent free-swimming J/eduse (fig. 28, f). These 
reproductive zodids or AZeduse@ eat voraciously, and increase 
rapidly in size, becoming not only comparatively, but often 
actually, gigantic. Thus, in one case the reproductive zodid 
has been known to attain a size of seven feet across, with ten- 
tacles fifty feet in length, though the fixed organism from which 
it was produced was no more than half an inch in height. These 
gigantic reproductive bodies live an independent life until they 
are able to produce ova and sperm-cells, when they die. The 
fertilised egg, however, develops itself, not into the monstrous 
organism by which it was produced, but into the little fixed 
sexless Hydra-tuba, from which the generative bud was de- 
tached. We have, then, here another instance of the so-called 
‘alternation of generations.” 

It is now known, then, that most of the great sea-blubbers 
which abound around our coasts in summer are really the 
detached reproductive buds of minute fixed Hydrozoa,; and it 
may be as well to mention the leading features in their struc- 
ture, and the points by which they may be distinguished from 
the smaller or naked-eyed Jleduse@, to which they have a 
decided superficial likeness. In the commonest forms of these 
zodids (such as our familiar sea-blubbers, Aurelia and Cyanea), 
the body consists of a great bell-shaped gelatinous disc or 
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“umbrella” (fig. 29), from the roof of which is suspended a 
single polypite, the lips of which are extended irito lobed pro- 
cesses, often extending far below the margin of the disc. The 
digestive cavity of the polypite gives out from its upper 
extremity a series of radiating gastro-vascular canals, which 
proceed towards the margin of the umbrella. These radiating 
canals are never less than eight in number, and on their way to 
the margin of the disc they break up into a great number of 
smaller vessels, which unite with one another to form a compli- 
cated net-work. At the margin of the bell they all open into a 


Fig. 29.—Generative zodid of one of the Lucernarida (Chrysaora Aysoscetla). 
(After Gosse.) 

circular vessel, which in turn sends processes into a series of 
marginal tentacles, which are often of extraordinary length. Be- 
sides the tentacles, the margin of thé umbrella is provided with 
a number of marginal bodies, each of which consists of a little 
collection of pigment or “eye-speck,” and a little sac filled with 
fluid and containing mineral particles. Each of these marginal 
bodies is covered and concealed from view by a kind of hood 
derived from the ectoderm. Hence the name of “hidden- 
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eyed” Meduse, applied to these forms, in contradistinction to 
the “ naked-eyed” A/eduse, in which the eye-specks are exposed 
to view. The reproductive organs are usually of some bright 
colour, and ‘form a conspicuous cross shining through the 
thickness of the disc.” 

From the above description it will be evident that there is a 
considerable resemblance between the so-called ‘“ hidden-eyed” 
Medusa, or the reproductive zodids of many of the Lucernarida, 
and the medusiform gonophores of so many of the Hydrozoa, 
as well as the true Discophora or naked-eyed Meduse. The 
differences, however, between them are these : The swimming- 


Fig. 30.—Generative zodid of Rhézostoma (after Owen). @ Umbrella; 4 6 Tree- 
like peduncle covered with minute polypites ; ¢ c Anastomosing network of gas- 
tro-vascular canals. 


disc of the naked-eyed Meduse@ and of any medusiform gono- 
phore is furnished at its mouth with an internal shelf or veil ; 
the radiating gastro-vascular canals are very rarely more 
than four in number, and should they subdivide (as in rare 
cases they do), they do not form an intricate network ; lastly, 
the marginal bodies are simply placed in an uncovered 
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situation on the margin of the disc. In the reproductive zodids 
of the Lucernarida or hidden-eyed Meduse, on the other hand, 
the swimming-disc or umbrella is destitute of any marginal 
shelf or veil; the radiating gastro-vascular canals are never 
less than eight in number, and they split up into numerous 
branches, which unite to form an intricate network; lastly, the 
marginal bodies are concealed from view by a kind of hood. 

There still remains another family of the Lucernarida (viz., 
Rhizostomide) in which the reproductive process is carried on 
in the same way as in the forms we have just described, but the 
structure of the reproductive zodids is somewhat different. In 
these, as in AAzzostoma (fig. 30), the generative zodid is much 
like those just mentioned; but the umbrella is destitute of mar- 
ginal tentacles ; and in place of a single central polypite, there 
hangs from the under surface of the umbrella a complex tree- 
like mass, the branches of which 
end in, and are covered by, small 
polypites and club-shaped tentacles. 
The umbrella itself does not exhibit 
any difference as compared with 
those already described, but the ova 
are produced in a genital cavity 
which is placed on the under sur- 
face of the umbrella. 


SUB-CLASS GRAPTOLITIDA,—Before 
leaving the Hydrozoa, it will be as well ° 
to notice very briefly a group of extinct 
organisms which certainly belong to this 
class, and which probably find their 
nearest allies in the Sertularians. The 
Graplolitide are without a single living’ 
representative, and their antiquity is, 
indeed, very high, since it is doubtful if 
they ever pass above the group of rocks 
Fig. 31.—Morphology of Grapto- known to geologists as the Silurian for- 

Pe, Net e ieee 7 ai mation. ‘The most typical forms of the 

sagtarin, enlreed’ 2 C°2%- group (see fig. 31, 2 and 3) agree with 

drothecee on one side only; 3, the living Sertularians in haying a horny 

Diplograpsus pristis, showing polypary, and in having the polypites 

hydrothece: on both sides. protected by little horny cups or hydro- 

thecze, all springing from a common 
flesh or comnosare. The typical Graptolites, however, differ from all 
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known Sertularians in the fact that the hydrosoma was not fixed to any 
solid object, but was permanently free. Most of them, also, exhibit 
a very anomalous and remarkable structure, termed the ‘‘solid axis ” (fig. 
31, 3). This isa peculiar fibrous rod, which no doubt served to strengthen 
the polypary, and which is often prolonged beyond one or both ends 
of the. polypary in a naked state. There is also good evidence that 
the reproductive process in the Graptolites was carried on in manner 
somewhat similar to what is seen in the living Sertularians—namely, 
by means of reproductive buds enclosed in horny capsules. Graptolites 
most usually present themselves as beautiful silvery impressions, covering 
the surface of the black shales of various parts of the Silurian system. 
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CHAPTER IX. 
ACTINOZOA. 


THE second great class of the Cwlenterata is that of the dctin- 
0z0a, comprising the sea-anemones and their allies, the corals, 
the sea-pens, the sea-shrubs, and various other organisms. 
They are all defined as Ccelenterate animals in which there is 
a distinct digestive sac which opens below into the general cavity 
of the body, but is nevertheless separated from the body-walls by 
an intervening space (the “ perivisceral space”), which ts divided 
into a number of vertical compartments by a series of partitions 
or “mesenteries,” to the faces of which the reproductive organs 
are attached. The Actinozoa (fig. 32), therefore, differ funda- 
mentally from the Hydrozoa in this, that whereas in the latter 
the digestive cavity is identical with the body-cavity, in the 
former there is a distinct digestive sac, which opens truly into 
the body-cavity, but is nevertheless separated from it by an in- 
tervening perivisceral space. The result of this is, that whilst 
the body of a Hydrozoon exhibits on transverse section a single 
tube only, formed by the walls of the combined digestive and 
somatic cavity, the body of an Actinozoon exhibits two concen- 
tric tubes, one formed by the digestive sac and the other by the 
general walls of the body. Further, in the Actzzozoa the repro- 
ductive organs are always internal, and are never in the form 
of external processes of the body-wall as in the Hydrozoa. 

In their minute structure the tissuesin the Actzmozoa differ little 
from those of the Hydrozoa. The body is essentially composed 
of two fundamental layers—an ectoderm and endoderm ; but 
there are often well-developed layers of muscular fibres, some- 
what obscuring this simplicity of structure. Thread-cells are 
most commonly present in abundance. Cilia are very generally 
developed, especially in the endoderm lining the body-cavity, 
where they serve to maintain a circulation of the contained 
fluids. The only digestive apparatus consists of a tubular or 
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sac-like stomach, which opens inferiorly directly into the body- 
cavity (fig. 32, 4), and communicates with the outer world 
through the mouth. A nervous system has not been shown to 
exist in any of the Actimozoa except the Ctenophora, and perhaps 
some of the sea-anemones, and in none are there any traces of 
a circulatory system. Distinct reproductive organs are always 
present, and true sexual reproduction occurs in all the members 
of the class. In a great many forms, however, of the Acéznozoa, 
we have composite organisms or colonies, produced by a process 
of ‘‘continuous” gemmation or fission, the zodids thus originated 
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Fig. 32.—A, Actinia mesembryanthemtum, one of the Sea-anemones (after John- 


ston) ; B, Section of the same, showing the mouth (a), the stomach (4), and the 
body-cavity (c). 


remaining attached to oneanother. In these cases—as in most 
of the corals—the separate beings or zodids thus produced are 
termed “ polypes,” the term ‘‘polypite” being restricted to the 
Hydrozoa. Inthe simple Actznozoa, however, such as the sea- 
anemones, the term “‘ polype” is applied to the entire organism, 
as consisting of no more than a single alimentary region. It 
follows from this, that the entire body, or “ actinosoma,” of any 
Actinozoon, may be composed of a single polype, or of several 
such, produced by budding or cleavage, and united to one an- 
other by a common connecting structure or coenosarc. Most of 
the Actinozoa are permanently fixed, like the corals; some, like 
the sea-anemones, possess a limited amount of locomotive power; 
and one order, the Czexophora, is composed of highly-active free- 
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swimming organisms. Some of them are unprovided with hard 
structures or supports of any kind, as the sea-anemones and 
Ctenophora; but a great many secrete a calcareous or horny 
skeleton or framework which is known as the “coral” or 
“ corallum.” 

The Actinozoa are divided into four orders—viz., the Zoan- 
tharia, the Alcyonaria, the Rugosa, and the Ctenophora. 


ORDER I. ZOANTHARIA.— The Zoantharia comprise those 
Actinozoa in which the polypes are furnished with ssoo¢h, 
stniple, usually numerous tentacles, which, like the mesenteries, 
_ are in multiples of #ve or six. The Zoantharia are divided 
into three groups, distinguished from one another by the pre- 
sence or absence of a coral, and by its structure when present. 

The first of these groups is termed Zoantharia malacoder- 
mata, or “soft-skinned” Zoantharia, because the polypes are 
either wholly destitute of a coral, or if there is one, it consists 
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Fig. 33.—Morphology of 4 ctinide. a Actinia rosea; b Arachnactis albida. 
(After Gosse.) 


merely of little scattered needles or spicules of carbonate ot 
lime. Generally, too, the organism is simple, and consists of 
no more than a single polype. The best known of the mem- 
bers of this group are the beautiful sea-anemones or animal- 
flowers (Aciznide), which occur so plentifully on every coast 
(fig. 33, a). It will be as well to describe the structure of a 
sea-anemone somewhat in detail, as in this way a clear notion 
may be obtained of the general anatomy of the Actinozoa. The 
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body of an ordinary sea-anemone (fig. 33, a) is a truncated 
cone or short cylinder, termed the “column,” and is of a soft 
leathery consistence. The two ends of the column are termed 
respectively the “base” and the “ disc,” the former constituting 
a kind of sucker, by means of which the animal can attach itself 
at will, whilst the mouth is placed in the centre of the latter. 
The mouth is surrounded by a flat space, destitute of ap- 
pendages, and the circumference of the disc is in turn sur- 
rounded by numerous simple tubular tentacles, arranged in 
alternating rows. The tentacles consist of both ectoderm and 
endoderm, enclosing a tube which communicates with the 
body-cavity. By the muscular contraction of the walls of the 
column, the fluid contained in the body-chambers can be forced 
into the tentacles, which can be thus protruded a great length, 
whilst they can also be usually retracted. In some cases the 
tentacles are furnished with perforations at their extremities. 
The mouth (see fig. 15, a) leads directly into the stomach, 
which is a wide membranous tube, opening by a wide aperture 
into the body-cavity below, and extending about half-way be- 
tween the mouth and the base. The wide space between the 
stomach and body-walls is subdivided into a number of separate 
compartments by radiating vertical plates, which are called the 
‘“‘mesenteries,’ and to the faces of which the reproductive 
organs are attached, in the form of reddish bands, containing | 
either ova or sperm-cells. Below the stomach, attached to the 
free edges of the mesenteries, are a series of singularly twisted 
threads or cords (fig. 15, ¢), which are filled with thread-cells, 
and are termed ‘‘craspeda.” The function of these is not well 
understood; but it is believed that in some cases they can be 
emitted through apertures which are occasionally found in 
the walls of the column. The sea-anemones are mostly to be 
found between tide-marks, in rock-pools, or on ledges of stone, 
adhering by means of the expanded base. They are not, how- 
ever, permanently fixed, but can change their place at will. In 
the nearly allied //yanthus and Arachnactis (fig. 33, 6) the base 
is tapering, and it appears that the animal spends the greater 
part of its existence in an unattached free condition. The true 
sea-anemones, as already said, are all simple, each consisting 
of a single polype; but there are closely-related forms (such 
as Zoanthus) in which the organism is compound, consist- 
ing of numerous polypes united by a creeping fleshy trunk or 
coenosarc. 
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The second group of the Zoantharia is termed that of the 
Zoantharia sclerodermata, from the nature of the skeleton or 
coral. In this group are all the so-called ‘“‘reef-building” corals, 
which are the makers of the well-known “coral-reefs.” The 
members of this group all possess the power of secreting car- 
bonate of lime within their tissues, so as to form a more or less 
continuous skeleton or corallum. From the fact that this 
corallum is secreted by the inner layer of the polypes, and is 
therefore truly zwzthzz the body, it is said to be ‘‘ sclerodermic,’ 
in opposition to the kind of coral produced by other forms (such 
as the red coral), in which the coral forms an internal axis, 
over which the ccenosarc is spread, much as the bark encloses" 
the wood of a tree. In this latter case the coral is said to be 
‘“‘sclerobasic.” (For illustrations of these different kinds of 
corals, see figs. 34 and 39.) In the typical form of sclerodermic 
coral, the skeleton is in the form of a conical cup (fig. 34), the 
upper part of which is hollow, and is called the “ calice.” The 
lower part is divided into a series of com- 
partments by vertical plates, which are 
called the “septa,” and which correspond 
to the mesenteries of the living animal. 
Sometimes the space contained within the 
walls of the cup or *corallite” is broken 
up by horizontal plates called “tabule ;” 
but when these are present, there are gene- 
rally no septa. In the coral just described 
we have a single corallite, produced by one 
Fig. 34.—Cyathaxonia polype, and this simple condition may be 

Dalmani, a simple maintained throughout life. In the great 

sclerodermic coral, ese 

consisting ofa single Majority of cases, however, the polypes bud, 

corallite. A portion s0 as to form a colony all bound together 

eee eee by a common flesh or ccenosarc. When 
in order to show the such a colony, therefore, produces a sclero- 
interior of the calice, dermic coral, in place of a single corallite, 
with the septa. : 
we have a composite skeleton composed of a 
number of little cups or corallites, each of which was produced 
by one polype, and all of which are united by means of a com- 
mon calcareous basis, secreted by the ccenosarc (fig. 39, a). 

As before said, the ‘“‘septa” are vertical partitions, which 
divide the space contained within the walls of the coral (the so- 
called “ theca”) into a series of compartments. The septa 
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spring from the inner surface of the “theca” (fig. 35), and ad- 
vance towards its centre. Often the septa unite centrally with 
a calcareous pillar or rod, the ‘columella ;” and they are of 
different breadths. A certain number of them extend quite to 
the centre of the coral, where they meet the columella (when 
this is present). These are called the ‘“‘ primary septa.” Others, 
however, fall short of the columella by a greater or less dis- 
tance; and these are called the ‘“‘secondary” and “tertiary” 
septa, according to their breadth (fig. 35). 


Fig. 35.—Diagrammatic sections of corals. A, section of sclerodermic coral, 
showing five primary septa and the columella. B, Section of rugose coral, 
showing four primary septa and the columella; ¢ Ridges (‘‘coste”’), formed by 
the septa externally. 


In accordance with their mode of formation, an ordinary com- 
pound sclerodermic coral may be distinguished from a sclero- 
basic coral by the fact that it would show a number of little 
cups or calices in which the polypes were contained, whereas 
these cups would be absent in the latter. In accordance, also, 
with the fundamental character of the order Zoantharia, the 
corals of the present group always show septa which are some 
multiple of five or szx. 


When it is understood that compound corals, such as we have been 
speaking of, are produced by the combined efforts of a number of pol- _ 
ypes, essentially the same in structure as our ordinary sea-anemones, it | 
is readily intelligible that under favourable circumstances large masses 
of coral may be produced in this way. When these masses attain such 
a size as to be of geographical importance, they are spoken of as ‘‘coral- 
reefs,” and the phenomena exhibited by these are of such interest as to 
demand some notice. The coral-producing polypes require for their 
existence that the average temperature of the sea shall not be less during 
winter than 66°; and as our seas are considerably colder than this, we 
have no coral-reefs. Reefs, however, abound in all the seas not far re- 


96 INVERTEBRATE ANIMALS, 


moved from the equator, being found chiefly on the east coast of Africa 
and the shores of Madagascar, in the Red Sea and Persian Gulf, 
throughout the Indian Ocean and the whole of the Pacific Archipelago, 
around the West Indian Islands, and on the coast of Florida. The 
headquarters, however, of the reef-building corals may be said to be 
around the islands and continents of the Pacific Ocean, where they often 
form masses of coral many hundreds of miles in length. According to 
Darwin, coral-reefs may be distinguished into three principal forms— 
viz., Fringing-reefs, Barrier-reefs, and Atolls, distinguished by the fol- 
lowing characters :— 

1. Lringing-reefs (fig. 36, 1).—These are reefs, usually of a moderate 
size, which may either surround islands or skirt the shores of continents. 
These shore-reefs are not separated from the land by any very deep 
channel, and the sea on their outward margins is not of any great 
depth. 


Fig. 36.—Structure of Coral-reefs. 1, Fringing-reef; 2. Barrier-reef; 3. Atoll: a 
Sea-level ; 4 Coral-reef; c Primitive land; d@ Portion of sea within the reef, 
forming a channel or lagoon. 


2. Barrier-reefs (fig. 36, 2).—These, like the preceding, may either 
encircle islands or skirt continents. They are distinguished from fring- 
ing-reefs by the fact that they usually occur at much greater distances 
from the land, that there intervenes a channel of deep water between 
them and the shore, and soundings taken close to their seaward margin 
indicate great depths. 

As an example of this class of reefs may be taken the great barrier 
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reef on the N.E. coast of Australia, the structure of which is on a gigan- 
tic scale. This reef runs, with a few trifling interruptions, for a distance 
of more than a thousand miles, with an average breadth of thirty miles, 
and an area of thirty-three thousand square miles. Its average distance 
from the shore is between twenty and thirty miles, the depth of the 
inner channel is from ten to sixty fathoms, and the sea outside is ¢ pro- 
foundly deep” (in some places over eighteen hundred feet). 

3. Atolls (fig. 36, 3).—These are oval or circular reefs of coral enclos- 
ing a central expanse of water or lagoon. They seldom form complete 
rings, the reef being usually breached by one or more openings. They 
agree in all particulars with those barrier-reefs which surround islands, 
except that there is no central island in the lagoon which they enclose. 


The last group of the Zoan/haria comprises composite organ- 
isms in which the coenosarc is supported upon a central axis or 
sclerobasic skeleton. These Zoantharia sclerobasica require no 
notice, except simply to remark that they are distinguished 
from other sclerobasic corals (such as the Gorgonide) by the 
fact that each polype possesses tentacles which are a multiple 
of s¢zxin number. ~ 


ORDER II. ALcyonariA.—The second great order of living 
Actinozoa is distinguished by the fact that the polypes are 
furnished with /rzmged tentacles, and that these, as well as the 
mesenteries and somatic chambers, are always some multiple 
of four. With one doubtful exception, all the Adcyonaria are 
composite, their polypes being connected together by a cceno- 
sarc. The body-cavities of the polypes are connected with a 
system of canals which are excavated in the ccenosarc, and 
communicate freely with one another, so that a free circulation 
of nutrient fluids is thus kept up. The structure of the polypes 
of the Alcyonaria is, in all essential anatomical features, the 
same as in the sea-anemones, the number of the mesenteries 
and tentacles being the chief distinction. 

Of the various different organisms included under this order, 
one of the best known is the “ Dead-men’s-fingers,” or A lcyo- 
mzum, which occurs commonly in our seas, It forms spongy- 
looking masses of a yellow or orange colour, attached to shells 
and other marine objects. The whole mass is covered with 
little star-shaped apertures, through which the delicate polypes 
can be protruded and retracted at will. Another well-known 
member of this order—the type of another family—is the “ Sea: 
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rod” (Virgularia mirabilis), which occurs not very rarely in 
British seas. Virgularia occurs in the form of a long rod- 
shaped body of a light flesh colour, supported upon a calcareous 
rod (sclerobasis), somewhat like a knitting-needle, which is 
covered by the coenosarc. From the ccenosarc are given out 
lateral processes, each of which bears numerous polypes (fig. 
38). Closely allied to Virgularia is the “ Cock’s-comb” (Pen- 


Fig. 38.— Pennatulidz, 

Virgularia mirabilis, 

@ A portion of the 

stem in the living 

condition enlarged; & 

Fig. 37-—Pennuatula phosphorea. Portion of the stem in 
(After Johnston.) its dead condition. 


natula) ; but in this the lower end of the ccenosarc is naked 
and fleshy (fig. 37), and the polype-bearing fringes are con- 
siderably longer, giving the whole organism very much the 
appearance of a feather. 

Another family of the A leyonaria is represented by the so- 
called “‘ Organ-pipe corals,” of which 7xdipora musica is a well- 
known example. In this there is a well-developed scleroder- 
mic coral consisting of numerous cylindrical tubes, which are — 
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not divided by vertical partitions (septa), but which are con- 
nected by strong transverse plates. The coral is bright red in 
colour, and the polypes are usually bright green. 

The best known, however, of the Alcyonaria is the family 
Gorgonide, represented by the sea-shrubs, fan-corals, and the 
red coral of commerce. A few of the members of this family 
are British, but they attain their maximum in point of size and 
numbers in the seas of the tropics. In all the Gorgonide the 
organism consists of a composite structure made up of numer- 
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Fig. 39.—Sclerodermic and Sclerobasic Corals. @ Portion of branch of Dexdro- 
phyllia nigrescens, a sclerodermic coral (after Dana); 4 Longitudinal section 
of Isis hippuris, a sclerobasic coral, exhibiting the external bark or ccenosarc, 
with its imbedded polypes, supported by the internal axis or skeleton (after 
Jones). 

ous polypes united by a common flesh or coenosarce (fig. 39, 2), 
the whole supported by a central branched axis or coral. The 
coral varies in composition, being sometimes calcareous—as in 
red coral—sometimes horny, and sometimes partly horny and 
partly calcareous, as in /szs (fig..39). In all cases, however, the 
corallum differs altogether from the sclerodermic corallum, 
which has been described as so characteristic of the reef-build- 
ing corals. The coral in the present instance is always what is 
called “sclerobasic ”—that is to say, it always forms an internal 
axis, covered by the coenosare with the polypes produced there- 
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from. It is therefore owts¢de the polypes, and bears to the 
coenosarc the same relation that the trunk of a tree bears to its 
investing bark. This is well shown in fig. 39, 4, where there is 
represented one of these sclerobasic corals in which the coral- 
lum consists of alternate horny and calcareous joints. The 
polypes of all the Gorgonide agree, of course, with their order 
in having eight tentacles each, and by this they are distin- 
guished from the few Zoaztharia in which there is a sclerobasic 
coral. 

The best known of the Gorgonide is the Corallium rubrum, 
or “red coral” of commerce, which is largely imported from 
the Mediterranean. In this species there is a bright red, finely- 
grooved, calcareous sclerobasis, usually more or less repeatedly 
branched. The corallum is invested by a bright red coenosarc 
or bark, which is studded with numerous little apertures. The 
polypes can be protruded from these openings at will, and are 
milk-white in colour, with eight fringed tentacles each. The 
entire coenosarc is excavated into a number of communicating 
canals, with which the cavities of the polypes are connected, the 
whole system being filled with a nutritive fluid known as the 
‘angike: 


OrbDER III. RuGcosa.—This order merely requires mention, 
as all its members are extinct, and are therefore only known to 
us by their hard parts or skeletons. They agree with the Zoan- 
tharia sclerodermata in having a well-developed sclerodermic 
corallum, but differ from them in the fact that the septa are 
always some multiple of four (fig. 35, 4); and there are generally 
transverse plates or tabule combined with the vertical plates 
or septa. On the other hand, they agree with the A/cyouaria 
in having their parts in multiples of four, but differ from them 
in having a well-developed ‘sclerodermic corallum in which 
septa are present. They are chiefly known as fossils in the 
older rocks of the earth’s crust, and have hardly any representa- 
tives.at the present day. 


ORDER IV. CTENOPHORA.—The fourth and last order of the 
Actinozoa is that of the Ctenophora, comprising a number of 
free-swimming oceanic creatures, very different in appearance 
from any of the forms which we have hitherto been considering. 
They are all transparent, gelatinous, glassy-looking creatures, 
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which are found near the surface in the open ocean, swimming 
rapidly by means of bands of cilia. The cilia are arranged in a 
series of transverse ridges, which are disposed in longitudinal 
bands, the whole constituting locomotive organs which are 
known as “ctenophores.” In none are there any traces of a 
corallum or skeleton, and thread-cells are asserted to be univer- 
sally present. As the type of the order, we may take one of our 
commoner forms, which is known by the name of Pleurobrachia 
or Cydippe (fig. 40). The body of Pleurobrachia is transparent, 
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Fig. 40.—Ctenophora. Pleurobrachia pileus. 


colourless, gelatinous, and melon-shaped, and exhibits two 
poles, at one of which is placed the mouth. The globe-like 
body is divided into a number of crescentic lobes by eight 
ciliated bands or ctenophores, which proceed from near the 
mouth to near the opposite pole of the body. Besides the cilia 
there are two very long and flexible tentacular processes, which 
are fringed on one side by smaller secondary branches. The 
tentacles arise each from a kind of sac, one placed on each side 
of the body, and they can be instantaneously and completely 
retracted within these sacs at the will of the animal. The 
mouth of Pleurobrachia, opens into a spindle-shaped digestive 
sac or stomach, which in turn opens below into a wider and 
shorter cavity termed the ‘funnel ;” from this there proceed in 
the axis of the body two small canals, which open at the oppo- 
site pole of the body. The funnel communicates with a com- 
plicated system of canals, which are ciliated internally, and are 
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filled with a nutrient fluid. In the angle between the two 
canals which run from the base of the funnel to the surface is a 
little vesicle or sac, believed to be a rudimentary organ of hear- 
ing, and placed upon this is a little mass which is generally 
believed to be of a nervous nature. If this is correct, this is 
the first indication which we have hitherto encountered of a 
genuine nervous system. The reproductive organs are de- 
veloped in the walls of the canal-system. 

The only other form of the Ctexophora which deserves men- 
tion is the “Venus’s girdle” (Cestum Venerts), which agrees in 
essentials with Pleurobrachia, but is greatly elongated in a 
direction at right angles to the alimentary canal, till we have a 
ribbon-shaped body produced, four or five feet in length and 
two or three inches high. Cestwm is not uncommon in the 
Mediterranean, and has the power of phosphorescence, appear- 
ing at night as a moving and twisting band of flame. 


TABLE OF THE DIVISIONS OF THE CCRLENTERATA. 


Cuiass I. Hyprozoa.—The walls of the digestive sac not separated 
from those of the body-cavity. The reproductive organs external. 

Sub-class 1. Hydroida :— 

a. Hydrida.—Ex. Hydra. 

b. Corynida.—Lx. Tubularia. 

c. Sertularida.—Ex. Sertularia, Campanularia. 
Sub-class 2, Siphonophora :— 

a. Calycophoride.—Ex. Vogtia. 

¢.—Physophoride.—F:x. Portuguese man-of-war (Physalia). 
Sub-class 3. Discophora :— 

J. Meduside. 
Sub-class 4. Lucernarida :— 

g. Lucernariade.—Ex. Lucernaria. 

h. Pelagide.—x. Aurelia. 

t. Rhizostomide.—Ex. Rhizostoma. 
Sub-class 5. Graptolitidee. 


Crass II. Actrnozoa.—Digestive sac distinct from the general 
cavity of the body, but opening into it. Reproductive organs internal. 
Order 1. Zoantharia :— 
a. Z. malacodermata.—Ex. Sea-anemones (Actinidz). 
b. Z. sclerobasica—Ex. Antipathes. 
ce. Z. stlerodermata,—Ex. Brain-corals, Star-corals, and Madre- 
pores. 
Order 2. Alcyonaria.—Zx. Dead-men’s-toes (Alcyonium), Sea-rods, 
(Virgularia), Red Coral. 
Order 3. Rugosa.—(All extinct). 
Order 4. Ctenophora.—Zx. Pleurobrachia, Venus’s Girdle (Cestum). 


, 
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SUB-KINGDOM III. ANNULOIDA. 


CHAPTER X. 
ECHINODERMATA. 


Tue third primary division of the animal kingdom is known by 
the name of Aznuloida, and includes two groups of organisms 
which are extremely unlike one another in appearance, and are 
termed respectively the Echinodermata and the Scolecida. In 
the former we have the sea-urchins, star-fishes, and their allies, 
formerly classed in the old sub-kingdom /Aadzaza, in the latter 
are a number of internal parasites, with some minute aquatic 
creatures, all formerly referred elsewhere. Different as are 
these two groups in appearance and habits, they are neverthe- 
less united by the following peculiarities:* They possess a 
distinct alimentary canal, usually communicating with the outer 
world by two apertures (a mouth and a vent), but in any case 
completely shut off from the general cavity of the body (fig. 43, 2 
a, b,c). In all there ts a distinct nervous system, and in all 
there ts a peculiar system of canals termed the “water-vascular” 
or ‘“aguiferous” vessels, which usually communicate with the 
extertor of the body. It should be mentioned that many natural- 
ists dissent from this grouping together of the Echinodermata 
and Scolecida into a single sub-kingdom, Aumulotda. Many 
other arrangements have been proposed, most of which present 
some special advantages and some disadvantages. Inthe mean- 
while, in the confessedly uncertain state of this department of 
Natural History, it has been thought well to adhere to the 
arrangement proposed by Professor Huxley—an arrangement 
with many obvious drawbacks, and at best but provisional. 


* Some of the internal parasites of this sub-kingdom have no alimentary canal at 
all; but this does not affect the value of the above definition. 
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CLass I. ECHINODERMATA. 


The members of this class are popularly known as sea-urchins, 
star-fishes, brittle-stars, feather-stars, sea-cucumbers, &c., and 
derive their name of Echinodermata (Gr. echinos, a hedgehog ; 
and derma, skin) from the generally prickly nature of their in- 
teguments. In all, the skin is possessed of the power of secret- 
ing carbonate of lime, but in very different degrees. In the 
. sea-urchins this goes so far that the body becomes enclosed in 
an immovable box, composed of numerous calcareous plates 
firmly jointed together. In the star-fishes and their allies the 
skin is rendered prickly by grains, tubercules, or spines of cal- 
careous matter, and the body is either destitute of regular plates 
or is only partially enclosed by them. In the sea-cucumbers, 
again, the calcareous matter is only present in the form of 
minute grains scattered in the skin. When adult, they all show 
amore or less distinctly radiate structure, which is most con- 
spicuous in the star-shaped star-fishes and sand-stars, but can 
be detected in all the members of the class. When young, 
however, they almost always exhibit what is called “bilateral 
symmetry "—that is to say, they show similar parts on the two 
sides of thebody. In all Echinoderms there is a water-vascular 
system of tubes, which is termed the “ ambulacral system,” 
which generally communicates with the exterior, and which in 
most cases is used in locomotion. An alimentary canal is 
always present, and is always completely shut off from the 
general cavity of the body. A vascular or circulatory system 
is sometimes present. There are always distinct organs of re- 
production, which are almost always placed in different indivi- 
duals, so that the sexes are distinct. The nervous system is in 
the form of a ring surrounding the gullet and sending branches 
in a radiating manner to different parts of the body. 

The Echinodermata are divided into seven orders, as follows: 


. Echinoidea (Sea-urchins). 

. Asterotdea (Star-fishes). 

. Ophiurotdea (Sand-stars and Brittle-stars), 
. Crinoidea (Feather-stars). 

. Cystotdea (extinct). 

. Blastoidea (extinct). 

- ffolothuroidea (Sea-cucumbers). | 
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This is by no means a true arrangement of these orders, but 
it is convenient to consider them in this sequence. 


ORDER I: EcuinorpEa.—The animals included in this order 
vary from the shape of a sphere or globe to that of a disc, and 
they are all commonly known as “sea-urchins” or “ sea-eggs.” 
They are all characterised by the fact that the body is encased 
in a “test” or “shell” (fig. 41, 2) composed of numerous cal- 
careous plates immovably jointed together so as to form a kind 
of box. The intestine is convoluted, and there is a distinct vent, 
or anal aperture. 


Fig. 41.—Morphology of Echinoidea. 1. Portion of the test of a sea-urchin (Galer- 
ites), enlarged, showing the ambulacral areas (4) and interambulacral areas (¢). 
2. Test of the same, viewed from above: @ Interambulacra ; 6 Ambulacra. 3- 
Genital disc of a sea-urchin (Hemicidaris) enlarged: c Ocular plate; ¢ Genital 
plate ; ¢ Anal apertute ; f Madreporiform tubercle. 4. Spine of thesame. (After 
Forbes.) 


The test of a sea-urchin, as just said, consists of many cal- 
careous plates accurately fitted together, and united by their 
edges. In all living forms the test is composed of ten zones 
of plates, each zone consisting of a double row. In five of 
these zones (I @, 2 a) the plates are of large size, and are per- 
forated by no apertures. These are termed the “ interambu- 
lacral areas.” In the other five zones (1 4, 2 4) the plates are 
of small size, and are perforated by little apertures for the 
emission of delicate locomotive suctorial tubes (the so-called 
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“ambulacral tube-feet”). These zones are therefore called the 
‘‘ambulacral areas.” Besides these main rows of plates which 
collectively make up the greater part of the test, there are other 
plates placed in the leathery skin round the mouth and vent. 
The most important of these form a kind of disc, which is 
placed at the summit of the shell. This disc (fig. 41, 3) is com- 
posed of two sets of plates—one called the “ genital plates,” per- 
forated for the ducts of the reproductive organs; the other set 
smaller, and each carrying a little “eye,” hence their name of 
“ocular plates.” One of the genital plates is also larger than 
the others, and carries a spongy mass which is called the 
“madreporiform tubercle,” and which protects the entrance of 
the water-vascular or ambulacral system. The whole of the 
test is covered with numerous tubercles of different sizes, which 
carry longer or shorter spines (fig. 42). The spines are jointed 
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Fig. 42.—Cidaris papillata (after Gosse). 


to the tubercle by a sort of “ ball-and-socket” or “universal” 
joint, and they are completely under the control of the animal, 
so as to be used both in locomotion and apparently as defensive 
weapons. In most of our British species the spines are short, 
but in many tropical forms they attain a very great length. 
Besides the spines, the outer surface of the test is furnished 
with curious little bodies called “ pedicellariz,” which were 
long believed to be parasitic. They consist of two or three 
blades mounted upon a flexible stalk and constantly employed 
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in snapping together like the beak of a bird. They occur in 
many other Echinodermata, and their use is obscure. 
Locomotion is effected in the sea-urchins by a curious system 
of contractile tubes which are known as the “ ambulacral tubes” 
or “ tube-feet,” and which are appendages of the water-vascular 
system. The following is essentially the arrangement of the 
whole aquiferous system (see fig. 43, 2). From the madre- 
poriform tubercle on the largest of the genital plates there 
proceeds a membranous canal (/) by which the outer water 
is conducted to a central tube (2), which forms a ring round 
the gullet. The tubercle is spongy, and is perforated with 
little holes, and its function is probably to act as a filter, and 
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Fig. 43.—Morphology of Echinoidea. 1. Young (larva) of an Echinus: a Mouth; 
4 Stomach; ¢ Intestine; s Skeleton. 2. Diagram of Echinus—the spines and 
tube-feet are represented over a small part of the test, the blood-vascular system 
is cross-shaded, and the nervous system is represented by the black line: @ Anus; 
6 Stomach ; c Mouth; dand_/ Vascular rings round the digestive canal; ¢ Heart; 
g Test; % Nervous ring round the gullet; 7 Sand-canal; z Circular canal round 
the gullet 3 #2 # One of the radiating ambulacral canals ; o Tube-feet; 2 Second- 

. ary vesicles at the bases of the tube-feet ; 4 Spines; » Madreporiform tubercle. 


prevent foreign particles gaining access to the interior. From 
the “circular canal” round the gullet proceed five “radiating 
canals” which take their course towards the summit of the 
shell, underneath the ambulacral areas (wz). In its course each 
radiating canal gives off numerous short lateral tubes (0)— 
the ambulacral tubes or tube-feet—which gain the exterior of - 
the shell by passing through the apertures in the ambulacral 
plates of the shell, and which terminate in little sucking-discs. 
The tube-feet can be distended with water by means of,a series 
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of little muscular bladders () placed at their bases, and they 
can thus be thrust far out beyond the shell, into which they can 
be again withdrawn at the will of the animal. However long 
the spines may be, the animal can protrude the tube-feet to a 
still greater length; and by the combined action of the little 
suckers at their extremities locomotion is effected with mode- 
rate rapidity, considering the bulk of the body. 

The digestive system in the Echinus consists of a mouth 
armed with a curious apparatus of calcareous teeth, which 
opens into a gullet, which in turn conducts to a distinct 
stomach. From the stomach there proceeds a long and con- 
voluted intestine, which is attached to the interior of the 
shell by a delicate membrane or “ mesentery,” and terminates 
in a distinct vent. The surface of the mesentery, as well as 
that of the lining membrane of the shell, is richly ciliated, and 
thus serves to distribute the fluids of the body-cavity to all 
parts of the body. In this way, also, respiration is subserved, 
though it is probable that the chief agent in this function is 
to be found in certain specialised portions of the ambulacral 
system. The proper blood-vascular or circulatory system con- 
sists in its central portion of two rings (fig. 43, 2 d, f) placed 
round the opposite ends of the alimentary canal, and united by 
an intermediate muscular cavity or heart (ec). The nervous 
system consists of a gangliated cord placed round the gullet, 
and sending five radiating branches along the ambulacral areas. 
The sexes are distinct, but in both the reproductive organs are 
in the form of five membranous sacs placed in a radiating 
manner in the interambulacral areas, and opening at the 
genital plates. The embryo of the Achznus is at first a little 
free-swimming ciliated organism, and it passes through an ex- 
traordinary development, which can only be alluded to here. 
In its later stages it was originally described as a distinct 
‘animal under the name of “ Plufeus” (fig. 43, 1). In this state 
the larva is a curious easel-shaped body, with a distinct ali- 
mentary canal and an internal calcareous skeleton, and exhibit- 
ing distinct bilateral symmetry. The remarkable point, how- 
ever, about its further development is, that the young Echznus 
is developed out of only a fortzon of the Pluteus, and the 
greater part of the latter, including the skeleton, is cast away 
as useless, 

The majority ot the sea-urchins are found at moderate depths 
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in the sea, especially in the neighbourhood of oyster-banks. 
Others spend their existence buried in the sand; and one 
species excavates holes for itself in the solid rock, apparently 
by some mechanical action. 


OrDER IJ, ASTEROIDEA.—As the structure of the sea-urchins 
may be taken as embodying the most important anatomical 
peculiarities of the Echinodermata, and as this has been de- 
scribed at some length, it will not be necessary to do more than 
briefly indicate the more important characteristics of the remain- 
ing orders. In the present order are included all the true star- 
fishes, the sand-stars and brittle-stars being generally regarded 
as a distinct group. The body in all the Aszerozdea is more 


Fig. 44.—Cribella oculata (after Forbes). 


or less obviously star-shaped (fig. 44), consisting of a central 
disc surrounded by five or more lobes or arms, which radiate 
from the body, are hollow, and contain prolongations from the 
stomach. The body is not enclosed in an immovable box or test, 
as in the sea-urchins, but the integument is of a leathery nature, 
and is richly furnished with calcareous plates, tubercles, and 
spines. The true star-fishes are distinguished from the nearly 
allied brittle-stars (Ophiurozdea) by the fact that the arms are 
direct prolongations of the body, that they contain prolonga- 
tions of the stomach, and that they are deeply grooved on their 
under surfaces for ‘the radiating vessels of the water-vascular 
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system, which are further protected by a sort of internal skele- 
ton. ‘The upper surface of the body and arms is richly furnished 
with calcareous matter, in the form of prickles, tubercles, spines, 
and pedicellariz, these last being peculiarly modified spines. 
The upper surface, also, exhibits the madreporiform tubercle 
in the form of a concentrically striated disc placed at the angle 
between two of the rays, and also the aperture of the anus, 
when this is present. The mouth is placed in the centre of the 
lower surface, and is not furnished with teeth. It leads by a 
short gullet into a stomach which usually terminates on the 
upper surface_by an anal aperture; but this is occasionally 
wanting. From the stomach in all the Asteroidea proceeds a 
series of much-branched membranous sacs, two of which are 
prolonged into each ray. The water-vascular or ambulacral 
system is in most essential respects identical in structure with 
that of the sea-urchins, making due allowance for the different 
shape of the body. The nervous system consists of a gangliated 
ring surrounding the mouth and sending branches along each 
of the arms. The reproductive organs, like the nervous sys- 
tem, exhibit a radiate condition, being arranged in pairs in 
each ray. 

The star-fishes are found on all our shores, but many forms 
are properly inhabitants of deep water. They differ much in 
the general shape of the body. In the common cross-fish 
(Uraster rubens) the disc is small, and is furnished with long 
finger-like rays, which are properly five in number. In the 
Cribella (fig. 44) the general shape is much the same. In the 
sun-stars (.So/aster) the disc is large and well marked, the rays 
are from twelve to fifteen in number, and they are shorter 
than the diameter of the disc. In the cushion-stars (Gozzaster) 
the body is in the form of a five-angled disc, more or less flat- 
tened on both sides, the rays being only marked out by the 
ambulacral grooves upon the lower surface. 


ORDER III. OpHIuROIDEA.—In this order we have only the 
common sand-stars (Ophzura) and brittle-stars (Ophzocoma), 
all closely allied to the true star-fishes in external appearance, 
especially in their strikingly radiate form. The body in the 
Ophiuride consists of a circular central disc covered with small 
calcareous plates, and giving off five long slender arms (fig. 45, 
a, 6), which may be simple or branched, but which do not con- 
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tain any prolongations from the stomach, nor have their under 
surfaces excavated into grooves for the protrusion of ambu- 
lacral tube-feet. The arms, in fact, are not prolongations or 
lobes derived from the body itself, but are special appendages 
added for purposes .of locomotion and prehension. The arms 
are very much larger than the diameter of the disc, and are pro- 
tected by four rows of calcareous plates—one above, one below, 
and one on each side. Inthe centre of each arm is a row of 
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Fig. 45.—Ophiuroidea. «a Ophiura texturata, the common sand-star; 
b Ophiocoma neglecta, the grey brittle-star (after Forbes). 


calcareous pieces which form a kind of internal axis or skeleton, 
below which is placed the radiating ambulacral vessel. All the 
internal organs are contained within the disc, and none of them 
pass into the arms except the nerve-cords and ambulacral ves- 
sels. The mouth is placed in the centre of the under surface of 
the disc, and opens into a globular, simple stomach, which is 
not furnished with an anal aperture, all indigestible particles 
being got rid of through the mouth. In various points of their 


I12 . INVERTEBRATE ANIMALS. 


anatomy the Ophiurozdea differ considerably from the true star- 
fishes, to which they are most nearly related, but these differ- 
ences do not require further notice. 

The habits of the brittle-stars and sand-stars are various, but 
many of them may be found in rock-pools or under stones at 
low water on our own shores. 


ORDER IV. CrINOIDEA.—In this order are comprised Echino- 
dermata, in which the body is fixed, during the whole of a 
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big. 46.—Comatula rosacea. a Free adult; 4 Fixed young (after Forbes). 


portion of the existence of the animal, to submarine objects by 
means of a jointed flexible stalk or column. The Crinoidea 
were formerly very numerous, both individually and in types, 
but they are.represented at the present day by but a small 
number of living forms, of which one only (the feather-star) 
is at all of common occurrence. The body in the Crinoids con- 
sists of a central disc or cup formed of calcareous plates, and 
protecting the body of the animal. From the margins of this 
cup spring five or more arms which are arranged in a radiating 
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manner, so as to form a more or less feathery crown. In one of 
our living forms, the animal, when full grown, is free; but in all 
other living species, and in the great majority of fossil forms, 


the. body was attached 
throughout life to the sea- 
bottom by means of a 
jointed stalk attached to 
the lower surface of the 
cup (fig. 47). 

The commonest living 
species is the rosy feather- 
star (Comatula rosacea), 
which occurs not very 
rarely on certain parts of 
our coasts (fig. 46). This 


beautiful animal consists | 


of a central body or disc, 
from which proceed five 
radiating arms, which di- 
vide almost directly after 
‘their origin into two second- 
-ary branches, so that ulti- 
mately there are produced 
ten long and slender rays. 
Each arm is furnished on 
both sides with a number 
of little jointed lateral pro- 
cesses or “ pinnz,” so as to 
assume a feather-like ap- 
pearance, from which its 
popular name is derived. 
The digestive system is 
furnished with both a 
mouth and a vent; the 
water-vascular or ambu- 
lacral system appears to 
take no part in locomotion, 
and the reproductive or- 
gans are lodged in- the 


lateral processes of the arms. 


4 


Fig. 47.—Rhizocrinus lofotensis, a living 


stalked crinoid (after Wyville Thomson), 
four times the natural size. a Stem; & 
Cup ; cc Arms. 


The most remarkable point, how- 


ever, about the Comatuda, is the manner in which it develops 
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itself. When fully grown (fig. 46, a) it presents no small super- 
ficial resemblance to some of the Ophiuroddea. When young 
(fig. 46, 4) the.Comatuda is so different in appearance from the 
adult, that it was originally described as a distinct animal. It 
consists now of a little cup-shaped disc with ten radiating arms 
above, produced by the splitting into two of five primary rays, 
and furnished inferiorly with a little flexible column or stalk 
composed of a number of calcareous joints. By this jointed 
stem the body is at this period of life fixed to sea-weeds or 
other submarine objects. When sufficiently mature, however, 
the body drops off its stalk, and then only requires to grow in 
size to become a fully-developed Comazula. 

The stalked condition which we have just seen to constitute 
a merely temporary stage in the life-history of the Comatula is, 
on the other hand, the permanent state of parts in all the “stone- 
lilies” and other fossil Cyzzozdea, and in a few living forms. 
Of these recent species, one of the most remarkable is one which 
has been recently discovered in the Atlantic and North Seas, 
and which has been described under the name of RAdzocrinus 
lofotensts, This curious species (fig. 47) consists of a little 
thread-like jointed stem supporting a calcareous cup, from which 
proceed five branched and jointed arms; 
and the stalked condition is here perma- 
nently retained during life. 


ORDERS V. AND VI. CySTOIDEA AND 
BLASTOIDEA.—These orders merely require 
to be mentioned here, as all the forms in- 
cluded in them are extinct, and are unre- 


iy presented at the present day by living 
ay species, In both, the body is enclosed in 
[5 a kind of box formed by jointed cal- 
= careous plates (fig. 48), and it was in most 


é \ cases permanently fixed to the sea-bottom 

sa oia eset by a jointed stalk or column, The arms, 

which form so conspicuous a feature in 

the true Crinotdea, were either absent or very rudimentary. 

Both orders are most closely allied to the Crinoddea, and they 

constitute probably the least highly developed sections of the 
whole class of the Echinodermata. 
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ORDER VII. HoLoTHuROIDEA.—In this order are comprised 
the highest of the Echinodermata, all very different in outward 
appearance from any of the forms we have hitherto considered. 
They are commonly known as sea-cucumbers or trepangs, but 
they are rare and inconspicuous animals at the best. They are 
all more or less worm-shaped or snail-like in form, and they are 
either altogether destitute of calcareous matter in the skin, or, 
with rare exceptions, have only scattered grains and spines of 
this material. Asa rule, the skin is simply leathery, and is en- 
dowed with wonderful contractility by means of powerful longi- 
tudinal and transverse muscles. In consequence of this, they 
can in many cases eject all or almost all their internal organs, 
and can sometimes divide their bodies into several parts when 
injured or alarmed. Locomotion is effected by alternate ex- 
tension or contraction of their worm-like bodies, by anchor- 
shaped spicules of lime contained in the skin, or by rows of 


Fig. 49.—Holothuroidea. Thyone papillosa (after Forbes). 


ambulacral tube-feet, like those of the sea-urchins, protruded 
through the integument. Sometimes the tube-feet are scattered 
over the whole surface of the body, and sometimes they are 
altogether absent. There is always a mouth at one extremity 
of the body, and a distinct vent at the other. The mouth is 
situated anteriorly, and is surrounded by a circlet of feathery 
tentacles (fig. 49), which are believed to be modified tube-feet. 
The water-vascular or ambulacral system is sometimes quite 
rudimentary, but in other cases it much resembles that of the 
sea-urchins, except that the madreporiform tubercle is not placed 
on the outside of the body, but hangs down freely in the 
interior of the body. In most of the Holothuroidea there are 
appended to the termination of the intestinal canal two 
much-branched tubes, which are filled with sea-water from 
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without, and are believed to exercise a respiratory function, 
hence the name of “respiratory tree” often applied to them. 

The British species of Holothurians, as already said, are all 
rare, and are mostly only to be obtained by dredging in ‘toler- 
ably deep water. Some of the foreign forms attain a large size, 
‘and some are largely searched after to be sold in the Chinese 
market, being regarded in that country as a delicacy. 
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CLASS II SCOLECIDA. 


In the second class of the sub-kingdom Azzuloida are included 
a number of organisms which are, in many cases, very unlike 
one another in external appearance, but which nevertheless 
agree in one or two structural points of importance. The most 
important of these are the possession of a system of water-vas- 
cular vessels, the absence of a vascular system, and the posses- 
sion of a nervous system composed of no more than one or two 
nervous masses or ganglia. The points by which the Scolecida 
are distinguished from the Echinodermata are, the absence of 
calcareous matter in the skin, the absence of any traces of a 
radiate arrangement of their parts, especially of the nervous 
system, the constant absence of any blood-circulatory apparatus, 
and the course of their development. The Scolecéda are often 
vermiform in shape, but many of them exhibit no worm-like 
characters, and one whole order is entirely microscopic. A 
great many of the Sco/ec¢da are internal parasites in other ani- 
mals, and these are often collectively spoken of as Extozoa 
(Gr. extos, within; zo6m, an animal). These parasitic forms 
subsist by: an imbibition of the juices of their host through 
their delicate integument. They have, therefore, no necessity 
for acquiring food for themselves ; and we find, in consequence, 
that many of them are wholly destitute of an alimentary canal, 
and that in all the organs of “relation” are very rudimentary. 
The Scolecida are divided into the following seven groups or 
orders :— 

. Leniada (Tapeworms). 

. Lrematoda (Flukes). 

. Lurbellaria (Ribbon-worms and Planarians). 

. Acanthocephala (Thorn-headed worms). 

. Gordiacea (Hair-worms). 
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6. Nematoda (Round-worms and Thread-worms). 
7. Rotifera (Wheel-animalcules). 


OrpeER I. T#NIADA.—In this order are comprised the so- 
called Tapeworms (fig. 50, 5) and the bladder-worms or cystic 
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Fig. so.—Morphology of Tzniada. 1. Ovum containing the embryo in its 
leathery case; 2. A bladder-worm (Cysticercus longicollis), magnified; 3. 
Head of the adult Tea solium, enlarged, showing the suckers and crown of 
hooklets; 4. A single generative joint, enlarged to show the branched ovary (0), 
the generative pore (a), and the water-vascular canals (6); 5. Fragment of 
Tenia solium, showing the generative joints and the alternate arrangement of 
the generative pores. 


worms (fig. 50, 2). These were formerly described as distinct 
groups; but it is now known that the latter are merely the im- 
mature forms of the former. The peculiarity which distin- 
guishes the development of the Z@zzada, and which led to the 
cystic worms being described as distinct animals, is that the 
different stages of growth are always found inhabiting different 
animals or “ hosts.’ If the fully-grown tapeworm is found in 
one animal, then its young form or cystic worm will always be 
found in another. Many animals are infested by tapeworms ; 
but all the leading points of interest in the order will be 
brought out by a consideration of the commonest of the three 
tapeworms to which man is subject—namely, the common tape- 
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worm, or Tenia solium. The common tapeworm is found in- 
habiting the intestines of man, one only being generally present 
in the same individual. In shape (fig. 50, 5) it is an extremely 
elongated, flattened, tape-like body, many feet in length, and 
composed of a number of flattened joints (fig. 50, 4) all loosely 
-united to one another. At one extremity the joints become 
much smaller and narrower, till ultimately a point is reached 
where the organism is firmly fixed to the mucous membrane of 
the intestine by means of a minute rounded head (fig. 50, 3). The 
organs by which attachment is effected are, in this species, a 
crown of recurved hooks and four suckers. The head is in 
reality the true animal, and all the long, jointed, tape-like body 
which follows this, is really produced by a process of budding 
from the head. The head contains no reproductive organs, 
and is not furnished with a mouth or digestive organs of any 
kind, its nutrition being entirely effected by imbibition of the 
nutritive fluids elaborated by its host. A nervous system, in 
the form of one or two ganglia, sending filaments backwards, 
is said to be present; but there is some doubt on this point. 
The water-vascular system (fig. 50, 4) consists of two long ves- 
sels which run down each side of the body and communicate 
at each articulation by a transverse vessel, the whole opening in 
the last joint into a contractile vesicle. Each joint is sexually 
perfect, or hermaphrodite, containing both male and female re- 
productive organs (fig 50, 4), which open on the surface by a 
small raised aperture, the ‘‘ generative pore.” Almost the whole 
of each of the mature joints is filled up by a much-branched 
ovary. As the head is the true animal, and the numerous joints 
are only produced by budding, it follows that the entire organ- 
ism is to be regarded as a kind of colony, constituted by a single 
sexless zodid or “ nurse,” and numerous sexual zodids, produced 
by budding from the former. 

The process of development—that is to say, the process by 
which this composite organism, commonly known as the tape- 
worm, is produced—is a very remarkable one, and is briefly as 
follows: Each generative segment or joint, as already said, is 
hermaphrodite, and contains innumerable ova. These eggs, 
however, cannot be developed within the body of the animal in- 
fested by the tapeworm itself, but they are compelled to gain 
access to the body of some different species of animal, if de- 
velopment is to proceed. To secure this end, the mature joints 
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of the colony break off, and are expelled from the alimentary 

canal of the host. The joints thus expelled die and decompose, 
and their contained eggs are thus set free. Each egg (fig. 50, 
I) is covered with a little leathery capsule which protects it 

from injury, and contains a minute embryo in its interior. If 

this microscopically small egg be swallowed—as in many ways 

it easily may be—by another warm-blooded animal (in this par- 

ticular case by the fzg), then a fresh series of changes ensues. 

The leathery case of the ovum is dissolved in the stomach of 

the new host, and the embryo is set free, when it bores its way 

through the walls of the stomach by means of little siliceous 

hooks with which it is provided. Having reached a suitable 

locality, the young tapeworm proceeds to surround itself with a 

kind of cyst, and it develops from its hinder end a kind of blad- 

der filled with fluid (fig. 50, 2). It is now a bladder-worm, or 

cystic worm, and as such would formerly have been regarded 

as a distinct animal. In the particular case of the Tenia solium 

which we are now considering, the cystic worm is found imbed- 

ded in the muscles of the pig, and it constitutes in that animal 

the disease known as the measles. In this cystic stage the. 
young tapeworm may remain for an apparently indefinite period, 

being quite incapable of developing eggs, though sometimes 

fresh bladder-worms may be produced by a process of budding. 

For its further development it is necessary that it should now 
be introduced into the alimentary canal of man. If a portion of 
measly pork be eaten with these cystic worms imbedded in it, 

then the young tapeworm is liberated from its cyst : it fixes it- 
self by means of its suckers and hooklets to the mucous mem- 
brane of the intestine, and its caudal bladder drops off. It is 
now converted into the head of the adult tapeworm. It finally 
commences to throw out buds from its hinder extremity, and in 
these buds or joints the reproductive elements are produced, so 

that ultimately we get the long flattened jointed colony with 

which we started. 

This extraordinary series of phenomena is now known to 
occur in other cases, but space will not admit our dwelling 
upon these. Another of the tapeworms of man (the Zenda 
medtocanellata) is developed in the same way from the measles 
of the ox. The tapewerm of the cat is the mature form of the 
bladder-worm of mice, and the tapeworm of the fox is derived 
from the cystic worm of hares and rabbits. Lastly, man is no 
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only liable to be infested with the tapeworms derived from the 
cystic worms of other animals, but may be attacked by the cystic 
or immature forms of the tapeworms of other animals. Thus 
the disease known as “‘ hydatids” in the human subject is caused 
by the presence in his tissues of the cystic worms which are 
ultimately developed into the tapeworm of the dog. 


ORDER II. TREMATODA.—The “suctorial” worms, or “flukes,” 
as the members of this order are commonly called, are all inter- 
nal parasites, inhabiting various situations in different animals, 
but especially affecting birds and fishes. They are all more or ; 
less flattened and rounded in shape, and are furnished with one 
or more suckers, by which they adhere. They are distinguished 
from the Zeniada by always possessing an alimentary canal, 
which is often much branched (fig. 51, 1), is simply hollowed 


Fig. 51.—Trematoda. 1. Distoma hepaticum, the ‘‘liver-fluke,” showing the 
branched alimentary canal: 2. Anterior extremity of Distoma lanceolatum, 
enlarged ; a Anterior sucker; 4 Posterior sucker ; ¢ Generative pore ; d Gullet ; 
e e Bifurcating alimentary canal. (After Owen.) 


out of the tissues of the body, and is never provided with a dis- 
tinct anus. The best known of the 7vematoda is the common 
liver-fluke (Distoma hepaticum, fig..51, 1), which inhabits the 
gall-bladder or ducts of the liver in sheep, and is the cause of 
the disease known as the rot. In form it is ovate, flattened on 
the two sides, and presenting two suckers, of which the anterior 
is perforated by the aperture of the mouth. A branched water- 
vascular system is present, and opens posteriorly by a small 
aperture. The alimentary canal bifurcates shortly behind the 
mouth, the two divisions thus produced being much branched, 
and terminating posteriorly in blind extremities: In Dzstoma 
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lanceotatum (fig. 51, 2) the intestine is divided into two branches, 
but these are simple tubes, and are not branched. 


ORDER III. TurBELLARIA.—The animals included in this 
order differ altogether from the Zyvematoda and Teniada in 
being almost all aquatic in their habits and being all non-para- 
sitic. ‘They never possess sucking-discs or hooklets, and their 
integument is always furnished with vibrating cilia. A water- 
vascular system is always present, but it appears sometimes not 
to communicate with the exterior. The alimentary canal is 
sometimes simply hollowed out of the tissues and destitute of 
an anus, as in the 7yemafoda, and at other times suspended in 
a free space (body-cavity) and furnished with an anus. It may 
‘be simple or much branched. 

The best known of the members of this order are certain 
little, jelly-like, soft-bodied, ovate, or elliptical creatures, which 
are commonly found in fresh water,or on the sea-shore, and are 
known as Planarians. The skin in these curious little animals 
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Fig. 52.—Turbellaria. 1. Planaria torva: m Mouth; g Nerve-ganglion; e Eyes; 
ov Ovary; ¢Spermarium; g# Genital opening: 2. Planxaria lactea, showing 
the branched intestine: 3. Larva of one of the marine Turbellarians: 4. P7d- 
zdium, the larva of one of the Nemertide, 


(fig. 52, I, 2) is richly furnished with cilia, and also contains 
numerous cells which have been compared to the “ nettle-cells” 
or “cnide” of the Cwlenterata. The intestine may be either 
straight or branched, but always terminates behind in blind 
pouches, and is never provided with an anus. The water-vas- 
cular system communicates with the exterior. The nervous 
system consists of two ganglia, placed in front of the mouth, 
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and united by a cord. There are generally rudimentary eyes 
or pigment-spots, which vary in number from two to sixteen. 

The remaining members of the Zurbellaria are known as 
ribbon-worms (Vemertd@), and are not uncommonly found on 
the sea-shore. They differ from the Plaxarida in being worm- 
like in shape, by the fact that the alimentary canal is furnished 
with a distinct anus, and by the absence of an external opening 
to the water-vascular system of the adult, in some cases at any 
rate. Their development sometimes shows phenomena very 
similar to what occurs in the Echinodermata, the larva (fig. 52, 
4) being a free-swimming ciliated organism, of which only a 
portion is employed in producing the adult animal, the remain- 
der being cast off as useless. 


ORDER IV, ACANTHOCEPHALA.—The “ thorn-headed worms” 
included in this order are all internal parasites. They are 
worm-like in shape, marked with trans- | 
verse wrinkles, and destitute of any mouth 
or alimentary canal. The anterior ex- 
tremity of the body (fig. 53) forms a kind 
of proboscis or snout, which is armed 
with recurved hooks, and has placed at its 
base a single nervous ganglion. Beneath 
the skin is a network of canals, containing 
a clear fluid, and believed to represent 
the water-vascular system. The thorn- 
headed worms include some of the most 
formidable parasites with which we are 
as yet acquainted, the best known being 
the various forms of Zchinorhynchus, 
which are found inhabiting the aliment- 
ary canal in many mammals, birds, and Fig. 53.—Acanthocephala. 


fishes, but not as yet in man. a Lichinorhynchus gigas, 
nat, size; a’ head of the 
same, magnified. 


ORDER V. GorDIACEA.—The Gordiacea, 
or ‘“‘hair-worms,” are thread-like parasites which in the earlier 
stages of their existence inhabit the bodies of various insects, 
chiefly beetles and grasshoppers. They possess a mouth and 
alimentary canal, but have no anus. The sexes are distinct, 
and they leave the bodies of the insects which they infest to 
breed, subsequently depositing their eggs in long chains either 
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in water or in some moist situation. In form the Gordiacea are 
singularly like hairs, and they often attain a length very many 
times greater than that of the insect in which they live. 


OrpDER VI. Nematopa.—In this order are the ‘ round- 
worms” and “thread-worms,” both of which are parasitic, to- 
gether with a number of worms 
which lead a permanently free exist- 
ence. All the Mematoda (fig. 54) 
are elongated and cylindrical or 
thread-like in shape. They possess 
a distinct mouth, and an alimentary 
canal which is freely suspended in 
an abdominal cavity, and which 
terminates in a distinct anus. They 
possess a system of canals which 
are believed to represent the water- 
vascular system; and the nervous 
system is in the form of a gangli- 
ated cord surrounding the gullet, 
and sending filaments backwards. 
Amongst the best known of the 
parasitic Nematodes are the com- 
mon round-worm (Ascaris lunbrico- 
zdes) and the thread-worm (Oxyurts) 
of the human subject, both of which 
inhabit the alimentary canal; and 
the guinea-worm (/7/aria), which 
spends a portion of its existence in 
the cellular tissue of man, especially 
of the legs, and which attains a 
Fig. 54.—Nematoda. A, Vinegar- length of several feet. More dan- 

eel (Anguiliula aceti). B,Do- gerous than any of these is the 

rylaimus stagnalis, a free tows : : . 

Nematode, living in stagnant, 27@¢A@na, which spends its imma- 

water. ture stages encysted in the muscles 

of some such animal as the pig, and 
only attains maturity and becomes capable of producing eggs 
when introduced into the alimentary canal of some other warm- 
blooded vertebrate animal. When this takes place, a train of 
symptoms are originated which somewhat resemble rheumatic 
fever, and appear to be very generally fatal. 


A 
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Of the free Nematode worms, which are never parasitic at 
any time of their lives, about 200 species have been described, 
most of which inhabit fresh water or the shores of the sea. 
One of the most familiar is the so-called “ vinegar-eel” (Amguzl- 
lula aceti, fig. 54, A). 


ORDER VII. RoTIFERA.—The foéifera, or ‘ wheel-animal- 
cules,” derive their popular name from the fact that the anterior 
end of the body is furnished with one or two circlets of cilia 


Fig. 55.—Rotifera. A, Diagrainmatic representation of Wydatina senta (gene- 
ralised from Pritchard): a@ Depression in the ciliated disc leading to the 
digestive canal; 4 Mouth; c Pharyngeal bulb with masticatory apparatus; 
@ Stomach ; e Cloaca; /Contractile bladder; ¢¢ Respiratory or water-vascular 
tubes; 4 Nerve-ganglion, giving filament to ciliated pit (4); o Ovary. B, 
Melicerta ringens (after Gosse). > ie 


(fig. 55) which, when in motion, vibrate so rapidly as to produce 
the illusory impression of a quickly-rotating toothed wheel. 
The Rotifera are all aquatic, and are mostly inhabitants of fresh 
water. They are all microscopic in size, none attaining a 
greater length than 1-36th of an inch. . In the females there is 
a distinct mouth, intestinal canal, and anus. .A nervous system 
is also present, consisting of ganglia placed near the anterior 
extremity of the body and sending filaments backwards. There 
is, finally, a well-developed water-vascular system. ee 
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Most of the Rodéfera are free-swimming active little animals 
(fig. 55, A), but some are permanently fixed, as in AZe/zcerta (fig. 
55, B) or in the crown-animalcule (Stephanoceros). ‘They are 
usually simple, but they are sometimes composite, forming col- 
onies. As a rule, the male and female Roézfera differ greatly 
from one another, the males being smaller than the females, de- 
void of any masticatory or digestive apparatus, and more or less 
closely resembling the young forms of the species. The males, 
in fact, merely lead a transient existence, and die as soon as 
they have succeeded in fertilising the females. The body in 
most cases is very distinctly ringed or annulated (fig. 55, A), but 
is not composed of distinct rings separated by partitions. The 
integument is usually provided with bundles of muscular fibres 
taking a longitudinal and transverse direction. In the free 
forms the anterior ciliated disc acts somewhat like the propel- 
ler of a screw-steamer in driving the organism through the 
water—in all cases it has the action of producing currents in 
the water by which particles of food are brought to the mouth. 
The posterior end of the body is usually developed in the free 
forms into a kind of tail or foot (fig. 55, A), which may take the 
shape of a kind of pincers or of a little suctorial disc. 

As regards their internal anatomy, in the females of almost all 
the Rotifera there is a well-developed alimentary canal, which 
is completely shut off from the general cavity of the body. The 
mouth (fig. 55, A 2) opens into a dilated chamber or “ pharyn- 
geal bulb” (c), which contains a complicated apparatus of horny 
teeth. The pharynx opens into a capacious stomach (@), con- 
tinued into an intestine which terminates by a chamber known 
as the ‘“‘cloaca” (¢), which forms the common outlet for the 
water-vascular and generative systems. In both sexes there is 
a well-developed water-vascular system consisting of a contrac- 
tile chamber or bladder (/), opening into the cloaca, and giving 
origin to two complicated tubes which are known as the “ res- 
piratory tubes” (gg), and which terminate near the anterior 
end of the body, apparently by blind extremities. The nervous 
system is in the form of a large double ganglion placed above 
the gullet, and having one or two eye-specks placed upon it. 
The ovaries (0) constitute conspicuous organs in the female 
Rotifera, but in summer the young Rotifers appear to be pro- 
duced by the females without having access to the males. 

The Rotifera were long confounded with the Jwfusorza, in 
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consequence of their great similarity in external appearance. 
They are, however, of an obviously much higher grade of struc- 
ture. One of the most remarkable phenomena presented by the 
Rottfera is found in the undoubted fact that in spite of their 
complex organisation and aquatic habits they can be dried, and 
again brought to life by the addition of a little water, and that 
this desiccation and restoration to life can be apparently repeated 
many times in succession without injury. 


TABULAR VIEW OF THE DIVISIONS OF THE ANNULOIDA. 


Ciass I. ECHINODERMATA, — Integument more or less highly 
charged with lime, or leathery. A water-vascular system, which 
usually assists in locomotion, and usually communicates with the ex- 
terior. Adult more or less distinctly radiate. 

Order 1. Crinoidea.—Ex, Feather-star (Comatula). 

Order 2, Blastoidea (extinct). 

Order 3. Cystoidea (extinct). 

Order 4. Ophiuroidea.— Ex. Brittle-stars and Sand-stars. 

Order 5. Asteroidea.—Star-fishes. 

Order 6. Echinoidea.— Ex. Sea-urchins. 

- Order 7. Holothuroidea.—Ex. Sea-cucumbers. 


Crass II. ScoLEcrpA, — Usually flattened or cylindrical ; soft- 
bodied ; water-vascular system not assisting in locomotion ; no proper 
blood-vascular system; nervous system not disposed in a radiating 
manner. 

Order 1. ZYentada.—Ex. Tape-worms. 

Order 2. Zrematoda,—Ex. Flukes, 

Order 3. Zurbellaria.—Ex. Planarians. 

Order 4. Acanthocephala.—Ex. Echinorhynchus, 

Order 5. Gordiacea.—Ex. Hair-worms. 

Order 6, Mematoda,—Ex. Round-worms. 

Order 7. Rotifera.—Wheel-animalcules, 
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SUB-KINGDOM IV. ANNULOSA. 


CHAPTER XII. 
ANARTHROPODA. 


SUB - KINGDOM ANNULOSA.— In this sub-kingdom are com- 
prised an enormous number of animals which agree in the 
following characters (fig. 56). The body is composed of a 
number of segments or rings arranged along a longitudinal 
axis. There is a distinct alimentary canal (0), placed cen- 
trally as compared with the other organic systems, and com- 
pletely shut off from the general cavity of the body. The 
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Fig. 56.—Diagram of an Annulose animal. a@ Blood-vascular or hzmal system ; 
& Digestive system ; ¢ Neural system. 


hemal or blood-vascular system may be absent, but, when 
present, it is always situated on the dorsal aspect of the body 
(a). The nervous system is always present, and is placed along 
the ventral surface of the body. In its typical form it consists 
of two nervous cords running along the whole length of the 
ventral surface, and having a pair of ganglia developed in each 
ring. The first pair of ganglia is always placed above the 
gullet, and the second below, so that the gullet is surrounded 
by the two cords uniting these ganglia (constituting the so- 
called wsophageal collar). The limbs (when present) are al- 
ways turned towards the neural aspect—that is to say, towards 
that side of the body upon which the nervous system is situated. 


ANARTHROPODA. 129 


The entire sub-kingdom of the Axznzlosa is divided into two 
great divisions termed Arthropoda and Anarthropoda, accord- 
ing as the body is provided with jointed appendages or not. 
In the Arthropoda, in which the body-rings are furnished (some 
or all) with jointed appendages, are included the Crustaceans 
(lobsters, crabs, &c.), the spiders and scorpions, the centipedes, 
and the insects, In the Axzarthropoda, in which there are no 
true jointed appendages, are included the spoon-worms, leeches, 
earth-worms, tube-worms, and sand-worms.* 


Division I. ANARTHROPODA.—In this division of the Axzxz- 
losa, the locomotive appendages are never distinctly jointed or 
articulated to the body. mn this division are included two 
principal classes—the Gephyrea and the Aunelida.t 


Cuiass I. GEPHYREA.—This class is a very small one, and 
includes a number of worm-like animals, which in most respects 
are very similar to the following class of the Azmelida, but are 
distinguished by having no locomotive appendages attached to 
the sides of the body. They were long placed amongst the 


Fig. 57.—Gephyrea. Syrinx nudus (after Forbes). 


Echinodermata, having a decided relationship to the worm-like 
Hlolothurians. They are distinguished, however, by never 
secreting calcareous matter in the skin, and by haying no water- 
vascular or ambulacral system. There can be no doubt, how- 
ever, that the Gephyrea are, on the whole, very nearly related 


* The Anarthropfoda are often united with the Scolecida into a common sub-king- 
dom under the name of Verses; in which case the Echinodermata are retained 
apart in a special sub-kingdom. 

+ A third class has been constituted under the name of Chefognatha for some 
singular marine animals, transparent and worm-like in form, with lateral fins at the 
hinder end of the body, and having the mouth armed with bristles. They form the 
genus Sagztia. 
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to the Holothurians ; and it is chiefly from the total absence of 
any radiate arrangement of the nervous system and internal 
organs that they appear to be more properly classed with the 
worms. The Szpunculus or spoon-worm is found burrowing in 
the sand of many sea-coasts, or inhabiting the cast-away shells 
of univalve shell-fish. A considerable number of species of 
this class have been recorded as occurring in British seas, and 
one of the more characteristic forms is figured above (fig. 57). 


Crass II. ANNELIDA—The Axnelida or ringed-worms are 
distinguished from the preceding by the possession of definite 
segmentation, the body being composed of a number of rings 
which are all similar to each other except at the two ends of 
the body. All the Avwmelida are more or less worm-like in 
shape, and in all, except the leeches, the segments are (some or 
all) provided with lateral appendages which mostly subserve 
locomotion, but which are never jointed to the body. In the 
typical Annelida each segment (fig. 58) consists of two arches, 


Fig. 58.—Diagrammatic transverse section of a typical Annelide. d@ Dorsal arc ; 
v Ventral arc ; 2 Branchiz or gills ; a@ Dorsal oar; 4 Ventral oar—both carrying 
bristles and a jointed filament. 


termed, from their position, respectively the “dorsal arc” (d), 
and the “ventral arc” (v). Each segment carries a lateral 
process on each side, which are known as the “ foot-tubercles ” 
(darapodia). Each foot-tubercle in turn may consist of an 
upper piece or “ dorsal oar” (a), and a lower piece or “ ventral 
oar” (4), both carrying a tuft of bristles and a soft jointed fila- 
ment (the “ cirrhus”). 

The nervous system consists essentially of a double gang- 
liated chain placed along the ventral surface of the body, and 
traversed in front by the gullet, so that the first ganglion lies 
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above the gullet (fig. 56). The digestive system consists of a 
mouth, generally with a protrusible proboscis, and sometimes 
horny jaws, a gullet, stomach, intestine, and a distinct anus, 
As a rule, the alimentary canal runs straight from one end of 
the body to the other without describing any convolutions in its 
course. In almost all cases the alimentary tube is placed ina 
distinct perivisceral cavity, which contains a fluid with solid 
particles in it, believed to correspond to the blood of the higher 
Annulosa. In most, if not in all, there is an additional system 
of vessels which carry a fluid containing solid particles, which 
are contractile, and which send branches to the respiratory 
organs, when these exist. This system is believed not to cor- 
respond to the blood-vascular system of the higher animals, 
and it has therefore been termed the ‘‘ pseudo-hemal” system 
(Gr. Aseudos, falsity ; and Zazma, blood). It is believed, on the 
other hand, to be truly homologous with the water-vascular sys- 
tem of the Axnuloida. Respiration is effected by the general 
surface of the body, or by distinct gills or branchiz. In most 
cases, also, there exists a series of peculiar involutions of the 
integument, which are known as the ‘‘segmental organs” or 
- “respiratory pouches,” and which are believed to be partially 
concerned in the respiratory process. The sexes in the Annelida 
are sometimes distinct, sometimes united in the same individual. 
The embryos are almost always ciliated, and many of them pass 
through a metamorphosis. 
The Axnelida may be divided as follows :— 
SECTION A, ABRANCHIATA.—Without gills or branchiz. 
1. Hirudinea.—(Leeches.) 
2. Oligocheta.—(Earth-worms.) 
SECTION B, BRANCHIATA.—Witbh branchie. 
3. Tubicola.—(Tube-worms.) 
4. Errantia.—(Sand-worms.) 


ORDER I. Hirupinea (Déscophora).—This order comprises 
only the leeches, some of which are marine, whilst others in- 
habit fresh water. The leeches (fig. 59) are all characterised 
by the fact that the body is destitute of lateral bristles or foot- 
tubercles, but is provided with a sucking-disc at one or both 
extremities. In the typical forms, as in the common medicinal 
leech, there are sucking-discs at both ends of the body, and in 
those in which only the hinder sucker is present, the head can 
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be converted into a suctorial cavity. Locomotion is effected 
either by means of the alternate fixation and detachment of the 
suckers, or by a serpentine bending of the body. 

The body is obviously ringed or annulated, but none of the 
rings carry lateral appendages of any kind. The mouth is 
sometimes destitute of teeth, but is sometimes armed with 
complex jaws. The alimentary canal 
is short, with lateral dilations, and 
united to the skin by means of a spongy 
vascular tissue, so that the body-cavity 
is obliterated. The pseudo - hemal 
system is well developed, and consists 
essentially of four great longitudinal 
vessels. Respiration appears to be 
effected, in part at any rate, by means 
of the segmental organs, which have 
the form of little sacs which open 
externally by minute apertures. The 
nervous system has its usual form, and 
the ganglia in front of the gullet (“ pr@- 
esophageal” ganglia) give off branches 
to a number of simple eyes which are 
placed on the head. The sexes are 

united in the same individual. 
Fig. 59. — Hirudinea. @The The most familiar of the leeches are 
medicinal leech (Sanguisuga 

officinalis), natural size; 4 the common horse-leech (Hemopsis), 

Anterior extremity of the and the medicinal leech (Sanguisuga 

same magnified, showing the Digit 

sucker and triradiate jaws; officinalis, hig. 59). The former has no 

c One of the jaws detached, ‘teeth, but the latter is provided with 

eMC ep a eae three semicircular toothed jaws (fig. 

59, 4, ¢), which meet in a point, and 
are sufficiently powerful to cut through the human skin. The 
medicinal leech is a native of fresh waters throughout the 
south and east of Europe, and it is imported in large numbers 
from Hungary, Bohemia, and Russia. 


ORDER II. OLiGocHatTa.—In this order are included the 
earth-worms (Lumbricide), and the water-worms (Naidide). 
They are all distinguished from the preceding by the fact that 
the body is furnished with rows of bristles which take the place 
of the foot-tubercles of the higher Annelida, and which are 
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the organs of locomotion. They are distinguished from the 
higher forms by the fact that the locomotive bristles are com- 
paratively few in number, hence the modern name of the order 
(Gr. oligos, few; and chazte, a bristle). In the common earth- 
worm (Lumbricus terrestris) the body is cylindrical, attenuated 
at both ends, and furnished with eight rows of locomotive 
bristles. The mouth is destitute of teeth, and opens into a 
gullet which leads toa muscular crop, succeeded by a second 
muscular dilatation or gizzard. The intestine is continued 
straight to the anus, and is constricted in its course by numer- 
ous transverse partitions springing from the walls of the body- 
cavity. The pseudo-hamal system is well developed; and 
there exists in even greater numbers than in the leeches the 
series of segmental organs, or lateral pouches, which open 
externally by pores. The Vaidzd@ are chiefly noticeable on 
account of the power which many of them possess of producing 
fresh individuals by a process of budding before they attain 
sexual maturity. One of the commonest of them is a little 
worm which occurs abundantly in many of our pools and 
streams (Zudbifex rivulorum), and which exhibits a fine red 
colour, owing to the pseudo-hemal system being visible 
through the transparent integument. 


ORDER III. TusicoLa.—The Annelides included in this group 
derive their name from the fact ’ 
that they have the power of pro- 
tecting themselves by means of 
tubes (Lat. ¢uda, a tube; and 
colo, | inhabit). In some cases 
(fig. 60) the tube is composed 
of carbonate of lime, and is a 
genuine secretion from the body. 
In other cases, the tube is com- 
posed of grains of sand or 
pieces of broken shell, cemented 
together by a glutinous secre- 
tion from the surface of the Fig, 60.—Tubicola. a Serpula contor- 
body. In all the Tubicola the  ¢ufplicata, showing the branchize and 
respiratory organs are in the operculum ; 6 Spirorbis communis. 
form of branched filamentous external gills, in which the fluid 
of the pseudo-hemal system is subjected to the action of the 
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outer water. They are therefore “ branchiate” Annelides. As 
they live in tubes, however, and do not voluntarily expose more 
than the anterior end of the body, the branchiz are all placed 
on or near the head. The filaments of which the gills are 
composed (fig. 60, @) are richly ciliated, and as the pseudo- 
heemal fluid is usually red, they have generally a beautiful 
scarlet colour. 

The most familiar of the Zwdzcola is the Serpula (fig. 60, a), 
the contorted and winding tubes of which must be known to 
every one as occurring on shells or stones on the sea-shore. 
One of the cephalic filaments in Serpula is much developed, 
and its extremity forms a kind of conical plug or ‘‘ operculum,” 
which serves to close the mouth of the tube when the animal is 
retracted within it. In Spzrorbds (fig. 60, 4) the shelly tube is 
coiled into a flat spiral, which is fixed to some solid object. It 
is of extremely common occurrence on the fronds of sea-weed, 
and on other submarine objects. 


OrDER IV. ErrantiA.—The Annelides comprised in this 
order are called “errant” (Lat. erro, 1 wander), or “roving,” 
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Fig. 61.—‘‘ Errant” Annelide. Nevezs, showing the head with its appendages, 
and the bristle-bearing  foot-tubercles. 


from the fact that they all lead a free existence, and are never: 
confined in tubes. They have always lateral unjointed append- 
ages, or foot-tubercles (fig. 61), which carry tufts of bristles, 
and a soft jointed filament or cirrhus. The anterior rings ot 
the body are usually so modified as to form a sort of head, 
which is provided with eyes and with two or more feelers, 
which differ from the antennz of insects and Crustaceans in 
not being jointed. The mouth is placed on the inferior surface 
of the head, and is sometimes furnished with one or more pairs 
of horny jaws which work from side to side. The upper part 
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of the alimentary canal is muscular, and can be turned inside 
out, or protruded beyond the true opening of the mouth. The 
pseudo-hzmal system is well developed, and its contained fluid 
is mostly red. Respiration is effected by external processes, 
gills or branchiz, arranged in tufts placed along the sides or 
back of the body, and not confined to the immediate neighbour- 
hood of the head, asin the Zzdzcola. The sexes are in different 
individuals, and the young pass through a metamorphosis. 
Amongst the best known and commonest of the Errant Anne- 
lides are the common lob-worm (Arenicola piscatorum) of our 
coasts, which is constantly used by fishermen for bait ; and the 
sea-mice (Aphrodite and Polynoe), some of which attain a large 
size, and are conspicuous for their iridescent bristles. Other 


less abundant forms may be readily obtained by searching under 
stones at low water. 


INVERTEBRATE ANIMALS. 


LOS Ves s c) ald We ae a a 
ARTHROPODA. 


Division II, ARTHROPODA or ARTICULATA.—The members of 
the sub-kingdom Aznulosa comprised under this head are gen- 
erally known as Articulate animals, or as Arthropoda (Gr. 
arthros, a joint; and podes, feet). They are all distinguished 
by the possession of jotnted appendages articulated to the body. 
The body is composed of a series of distinct rings or segments 
(technically called ‘‘ somites”) arranged longitudinally one be- 
hind the other (fig. 62). The skin is more or less completely 
hardened by a horny deposit of “ chitine,” with or without lime, 
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Fiz. 62.—Arthropoda, The Sand-hopper, Taditrus Jocusta, enlarged. 


so as to form a resisting shell, to the inner surface of which the 
muscles are attached. There is consequently no necessity for 
any internal skeleton. The nervous system in the young of all 
Articulate animals has its typical form of a chain of ganglia 
placed along the ventral surface of the body, and traversed in 
front by the gullet. In the adult, however, this typical state of 
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the nervous system is often lost or modified. The blood-circu- 
latory system may be absent; but when it is present, it is 
placed dorsally (fig. 56), and consists of a true blood-system 
containing corpusculated blood, antl furnished with a contrac- 
tile cavity or heart. Respiration is sometimes effected simply 
by the general surface of the body, but there are generally 
special organs, adapted for breathing air either directly or 
through the medium of water. Jointed appendages are always 
present, and may be developed from any segment of the body. 
The Arthropoda are divided into four great classes—viz., the 
Crustacea (crabs, lobsters, &c.), the Avachnida (mites, spiders, 
and scorpions), the AZyriapoda (centipedes and gally-worms), 
and the Jwsecta (or true insects). These are roughly distin- 
guishable from one another by the following characters :— 


I, CRUSTACEA.—Animal more or less truly aquatic ; respiration by 
gills, or by the general surface of the body ; two pairs of antennze 
(feelers) ; locomotive appendages more than eight in number, borne 
by the segments of the thorax, and usually of the abdomen also. 

2. ARACHNIDA.—Respiration aerial, by pulmonary sacs, by air- 
tubes (trachez), or by the general surface of the body; head and 
thorax amalgamated ; antennze (as such) absent ; legs eight ; abdo- 
men without jointed appendages, 

3. Myriapopa.— Respiration by air-tubes (trachez) ; head distinct ; 
remainder of the body composed of nearly similar segments ; one pair 
of antennz ; legs numerous. 

4. InsEcTA.— Respiration by air-tubes (trachez) ; head, thorax, and 
abdomen distinct ; one pair of antennz ; three pairs of legs borne on 
the thorax ; abdomen destitute of limbs ; generally two pairs of wings 
on the thorax, 
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CHAPTER XIV. 
CRUSTACEA. 


Cass I. CrustaceEA.—The members of this class are com- 
monly known as crabs, lobsters, shrimps, prawns, king-crabs, 
barnacles, acorn-shells, wood-lice, &c. They are nearly allied 
to the succeeding class of the Arachnida (spiders and scor- 
pions), but are distinguished by their adaptation to a more or 
less purely aquatic life, by having jginted appendages upon the 
hinder segments of the body (abdomen), and by the possession 
of two pairs of antennz. Asa class, the Crustacea are distin- 
guished by being usually furnished with branchiz or respira- 
tory organs, adapted for breathing air dissolved in water, by 
having more than four pairs of legs, by having a well-developed 
chitinous or partially calcareous “crust” or external skeleton, 
by the fact that some of the appendages are generally so modi- 
fied as to act as organs of mastication, and by passing through 
a metamorphosis before attaining their adult condition. 

The body in a typical Crustacean is composed of ¢wenty-one 
(or, according to some writers, ¢wenty) distinct segments or 
somites, placed one behind the other. These segments are 
distributed in three distinct divisions, known respectively as 
the “head,” the “thorax” or chest, and the “abdomen” or 
tail, each of which is usually regarded as being composed of 
seven segments. In very many cases, however, the fourteen 
segments belonging to the head and chest are amalgamated to- 
gether into a single mass, which is termed the “ cephalothorax,” 
thus leaving seven segments to the abdomen. It will be un- 
necessary, however, to dwell here longer upon the structure of 
the Crustacea, as the general morphology of the class will be 
given at somewhat greater length in speaking of the lobster. 
The classification, also, of the Crustacea is so complex that it 
will be as well to omit altogether the less important orders, 
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merely giving the names and leading characters of these in an 
appendix. It has also been thought advisable to invert the 
usual order here adopted, and to commence with the considera- 
tion of the highest sections of the class first. 


ORDER DeEcAPpopA.—The Crustacea included in this order 
derive their name from the fact that they all possess five pairs 
of legs (Gr. deka, ten; fodes, feet). They belong to a large 
section known as the “stalk-eyed” Crustaceans, from the fact 
that the eyes are supported by long, movable stalks. They 
include the lobsters, shrimps, cray-fish, crabs, hermit-crabs, 
and other forms, and are the most highly organised and most 
familiar of the whole class of the Crustacea. They are divided 
into three very well marked groups or tribes, all of which can 
be exemplified by well-known British species. 

A, Macrura.—The name of Macrura (Gr. makros, long; and 
oura, tail) is given to those ten-footed Crustaceans which have 
a long and well-developed tail or abdomen. Amongst these 
are the lobster, shrimp, prawn, and cray-fish, of which the lob- 
ster may be selected as a good typical example. 

In the lobster (fig. 63) the body is at once seen to be com- 
posed of two parts, familiarly called the “head” and “tail.” 
The so-called head is covered by a great shield termed the 
“carapace” (fig. 63, ca), and it is in reality the cephalothorax, 
being composed of the amalgamated segments which belong to 
the true head and to the thorax. The so-called tail is really 
the abdomen, and it is composed of a number of segments 
which are not immovably united together, as in the cephalo- 
thorax, but are movably jointed together. The various append- 
ages of the animal are arranged in pairs on the under surface 
of the body; and where the segments are completely amalga- 
mated (as in the cephalothorax), their existence may neverthe- 
less be determined by the presence of the successive pairs of 
appendages. The first segment of the head carries a pair of 
compound eyes, made up of a number of simple lenses aggre- 
gated together, and supported upon long and movable eye- 
stalks. Behind these come two pairs of jointed organs of 
touch,’ which are known as the “antennz.” The front pair is 
much smaller than the hinder pair, and they are known re- 
spectively as the “lesser antenne,” or “antennules,” and the 
“great antenne.” Behind these, again, comes the mouth, 
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which is placed on the under surface of the head, and is pro- 
vided with a complicated series of masticatory organs. It is 


Fig. 63.—Morphology of the Lobster. 1. Lobster with all the appendages re- 
moved except the last pair of the abdomen, and with the abdominal segments 
separated from one another: ca Carapace; ¢Telson. 2. The third abdominal 
segment, showing swimmerets. 3. One of the last pair of foot-jaws, carrying 


a gill (g). 
unnecessary to describe these minutely, but it should be noticed 
that they are all modified limbs, and therefore differ altogether 
from the jaws of the Vertebrate animals. That this is their real 
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nature is shown most obviously in the hindmost pairs of these 
jaws, which are so little altered from ordinary legs that they 
are known as ‘‘foot-jaws” (fig. 63, 3). The last five segments 
of the thorax carry five pairs of walking-legs, hence the name 
Decapoda applied to the order. Of these legs, the first three 
pairs have their extremities converted into nipping-claws or 
“chelz,” and the first pair is much larger than the others, 
and constitutes the well-known great claws of the lobster. 
The last two pairs of legs simply terminate in pointed extremi- 
ties, and not in pincers. The segments of the abdomen, with 
the exception of the hindmost, carry each a pair of paddle-like 
appendages, which are used in swimming, and are called the 
“swimmerets” (fig. 63, 2). The last pair of swimmerets are 
attached to the last segment but one, and are very greatly ex- 
panded, so as to form a very powerful tail-fin. The last seg- 
ment of all is known as the “telson” (fig. 63, 1 2), and is not 
provided with any lateral appendages, 

The mouth in the lobster leads by a short gullet into a globu- 
lar stomach, which is furnished with a calcareous apparatus for 
grinding down the food, commonly called the “lady in the lob- 
ster.” The intestine is continued backwards from the stomach 
without convolutions, and opens by a distinct anus placed in 
front of the telson. A well-developed liver is also present. 
The heart is placed dorsally, and is filled with aerated blood 
derived from the gills, which it propels through every part of 
the body. The gills, or branchiz (fig. 63, 3), are pyramidal 
bodies attached to the bases of the legs, and placed in a kind of 
chamber formed beneath the great shield, or carapace, on each 
side of the body. They consist each of a central stem support- 
ing numerous lateral branches, and they are richly supplied 
with blood. The water which fills the gill-chambers is constantly 
renewed by the movements of the legs, and thus the gills are 
kept constantly supplied with fresh water. The nervous system 
is placed along the ventral surface of the body, and has its 
usual form. The organs of sense are the two pairs of feelers 
or antenne, the compound eyes, and two organs of hearing. 

B. Anomura.—The most familiar members of this tribe are 
the hermit-crabs (Paguride) which occur so commonly on 
every shore. They are distinguished by the fact that the abdo- 
men is quite soft, and is not protected by a chitinous crust. 
The animal, therefore, is compelled to protect the defenceless 
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part of the body in some artificial manner, and this it effects 
by appropriating the empty shell of some dead mollusc, such 
as the common periwinkle or whelk. The abdomen is pro- 
vided with special appendages to enable the intruder to retain 
firm hold of his borrowed dwelling, at the same time that 
he can change it at will when too small or otherwise incon- 
venient. The first pair of legs are developed into pretty 
powerful nipping-claws or chela, and one of them is always 
much larger than the other, and acts as a kind of plug, block- 
ing up the entrance of the shell when the animal is retracted | 
within it. 

C. Brachyura.——The decapod Crustaceans included in this 
tribe are familiarly known as crabs, and they derive their name 


Fig. 64.—Brachyura. The Spiny Spider-crab (Zaia sguinado). 


of Brachyura (Gr. brachus, short; and oura, tail) from the 
rudimentary condition of the abdomen. The abdomen, in fact, 
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is not only extremely short, but it is always tucked up beneath 
the greatly-developed cephalothorax, so that it is not visible at 
all, except when the animal is looked at from below (fig. 64). 
The crabs are very various in their habits, but they are mostly 
denizens of the shore, hiding beneath stones or sea-weed, in 
cracks of rock, or in pools near the line of low-water. Some of 
them, however, can swim with tolerable activity, and some of 
them (the land-crabs) even live habitually inland. One group, 
that of the “pea-crabs,” is distinguished by the singular habit 
of living semi-parasitically within the shells of bivalve molluscs, 
such as the great horse-mussel. 

The young or larval crab is exceedingly unlike the adult, 
and has a long and well-developed abdomen, thus approximat- 
ing to the type of structure which is permanently retained in 
the Macrura. 


ORDER Isopopa.—In this order are a number of Crustaceans 
of which some inhabit the 
sea, others are parasitic in 
their habits, and others are 
terrestrial. The best known 
are the common wood-lice 
(Oniscus, fig. 65), which 
are found so commonly 
under stones, or in the 
crevices of old walls. The 
Isopods all belong to a 
group of Crustaceans in 
which the eyes are not sup- 
ported upon stalks, and 
they are therefore said to 
be “sessile-eyed.” The | 
head is distinct from the 
segment bearing the first 
pair of feet. The thoracic 
feet are all similar to one 
another, and the branchiz 
are developed on the ab-_ Fig. 65.—Isopoda. Wood-lice (Oniscus.) 
dominal legs. 


ORDER MEROSTOMATA,—In this order are only the living 
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king-crabs (Lzzulus), and some large extinct forms nearly 
allied to them. They are all distinguished by the fact that the 
appendages which are placed round the mouth act by their 
bases as jaws, but have their extremities developed into swim- 
ming-paddles, walking-feet, or nipping-claws. 

The King-crabs (fig. 66) constitute a special group called 
Xiphosura (Gr. xiphos, a sword; and oura, tail),* from the fact 
that the end of the abdomen is furnished with a long sword- 
like spine (fig. 66, #4). The mouth is surrounded by six pairs of 


Fig. 66.—Xiphosura. Limulus poly- Fig. 67—Eurypterida. Prerygotus 
_ phemus, viewed from below. Anglicus, restored. (After H. 
Woodward.) 


appendages, the bases of which are spinous and act as jaws, 
whilst their free extremities are developed into nipping-claws or 
chelz. The whole of the upper surface of the body is protected 
by a kind of buckler, composed of an anterior semicircular 
shield, and a posterior somewhat hexagonal plate, the under 
surface of which carries branchial plates, whilst the sword-like 
telson is jointed to its hinder margin. The king-crabs attain a 
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large size, and are often called “ Molucca crabs” from their 
occurrence in the Moluccas. Both the eggs and the flesh are 
eaten by the Malays. 

Closely allied to the king-crabs is the extinct family of the 
Eurypterida, an example of which is figured above (fig. 67). 
This species is supposed to have attained a length of probably 
six feet, but other forms were very much smaller. 


OrDER TriILoBiTaA.— The Trilobites constitute another 
wholly extinct order of the Crustacea, and deserve a short 
notice from their great geological importance. They derive 
their name from the fact that the body exhibits a more or less 
conspicuous division into a central and two lateral lobes (fig. 
68, 1). The entire shell or crust is composed of an anterior 
semicircular shield, covering the head (fig. 68, 2), a series of 


Fig. 68.—Trilobita. 1. Azgelina Sedewickii; 2. Diagram of the cephalic 
shield of a Trilobite. (After Salter.) 


movable rings, constituting the thorax, and a tailpiece com- 
posed of amalgamated segments, and representing the ab- 
domen. On the under surface of the shell nothing had ever 
been discovered except the upper lip, but recently traces of 
limbs have been made out. The cephalic shield usually bears 
a pair of compound eyes (fig. 68, 2 a), but these are sometimes 
wanting. It is probable that most of the Trilobites possessed 
the power of rolling themselves up into a ball, much as our 
modern wood-lice. The Trilobites are only known as occur- 
ring in the older rocks of the earth’s crust, and they are 
chiefly characteristic of the period known to geologists as the 
“ Silurian.” 


K 
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ORDERS CLADOCERA, COPEPODA, AND OSTRACODA.—These 
orders deserve mention more from the extreme abundance of 
their commoner forms than for any other reason, They include 
a number of minute Crustaceans, most of which are commonly 
called ‘“‘water-fleas,” and abound in fresh waters in Great 
Britain. They are, however, so small that, though visible to 
the naked eye, they can only be satisfactorily examined under 
the microscope. As an example of the Cladocera may be taken 
the “branched-horned water-flea” (Daphnia pulex, fig. 69, 6), 
thousands of which may be captured in any pond in summer. 


Sai 
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Fig. 69.—Fresh-water Entomostraca. a Cypris tris-striata; 6 Daphnia 
pulex ; ¢ Cyclops gquadricornis. 


In this pretty little species the whole body is enclosed in a bi- 
valve shell, which is so transparent that the whole organisation 
of the animal is clearly visible through it. The head is distinct, 
and carries a single eye. The greater antennz are branched. 
The males are smaller than the females, and much fewer in 
number; and it appears to be a well-established fact that the 
female, when once fertilised by the male, can not only lay eggs 
for the rest of her life, but can transmit the power of producing 
fertile ova to her young for several generations. Of the Cofe- 
poda one of the commonest is the Cyclops (fig. 69. ¢), in which 
the cephalothorax is covered by a shield, and there is a well- 
developed abdomen. The female carries on either side a kind 
of pouch or ovisac, in which the eggs remain till they are 
hatched. The little Ostvacoda (fig. 69, @). are all minute 
Crustaceans, which occur in both fresh and salt water. They 
are distinguished by the fact that the body is entirely enclosed 
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in a shell, which is made up of two lateral halves or valves. 
The valves of the shell are united by a membrane along the 
back, but can be opened below, so as to allow of the protrusion 
of the feet. 


ORDER CIRRIPEDIA.—The last order of Crustacea which 
requires mention is that of the C7zrripedia (Lat. cerrus, a curl; 
and #es, foot), comprising the so-called barnacles and acorn- 
shells, both extremely unlike Crustaceans to look at. All the 
Cirripedes are distinguished by the fact that, whilst they are 
quite free when young, and very similar to some of the little 
Crustaceans just described, when adult they are immovably 
fixed by their heads to some solid object. In this fixed condi- 
tion the body and internal organs are, in most cases, protected 
by means of a calcareous shell, composed of many pieces, and 
the only part of the body which remains movable is the legs, 
which are constantly thrust out of the shell and again drawn in 
in quest of food. The Czrrzfedia were formerly described as 
“multivalve” shell-fish (AZollusca), owing to their possession 
of a regular calcareous shell. Two distinct types of structure 
are known amongst the Cirrifedia (fig. 70), constituting the 
two families of the barnacles (Lefadzde@), and the acorn-shells 
(Balanide). 

In the barnacles (fig. 70, 4), the anterior end of the body is 


Fig. 7o.—Cirripedia. a@ Sessile Cirripede (Balanus); & Stalked Cirripede (Leas) 


much elongated, and is converted into a kind of stalk, by means 
of which the animal is attached to some solid object, such as a 
rock, a floating log of timber, or even some marine animal. In 
the acorn-shells (fig. 70, 2) which occur in myriads upon every 
solid object between tide-marks, there is no stalk, but the head 
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is firmly cemented to the centre of a membranous or shelly 
plate. The body is enclosed in a limpet-shaped or conical 
shell, composed of several pieces, and having an aperture at its 
summit. This opening is closed by a movable lid, and from it 
the animal can protrude its delicate legs or “cirri,” which look 
like a “glass hand,” and are constantly employed in sweeping 
the water in search of food. 

- In accordance with the fixed condition of the adult, almost 
all the Czvréfedia are hermaphrodite, possessing both male and 
female organs of reproduction. In some cases, however, males 
exist, but these are much smaller than the females, and quite 
different to them in appearance, and they spend their existence 
within the shell of the female. 


APPENDIX, GIVING THE REMAINING ORDERS OF CRUSTACEA. 


Order Rhizocephala.—Minute Crustaceans, free when young, but 
when adult parasitically attached to the abdomen of various crabs. 
When adult they are completely deformed, destitute of limbs, and 
attached to their host by means of numerous branched tubes or roots 
which ramify deeply among the internal organs. Ex. Peltogaster. 

Order Ichthyophthira.—Minute Crustaceans, free when young, but 
when adult parasitic upon various kinds of fishes; adult usually de- 
formed and soft ; young with eyes and swimming-feet. Lx. Lernea. 

Order Phyllopoda.—Thoracic feet leaf-like and acting as branchiee. 
ix. Apus. 

Order Lemodipoda.—Kyes sessile ; abdomen rudimentary ; respira- 
tion by means of little vesicles attached to the thoracic segments or 
legs. £x. Cyamus (the whale-louse). 

Order Amphipoda.—Kyes sessile ; abdomen well developed ; respira- 
tory organs in the form of vesicles attached to the thoracic limbs. £2. 
Sandhopper (Zadtrus); Fresh-water shrimp (Gammarus). 

Order Stomapoda.—Eyes stalked ; gills unprotected, usually suspended 
beneath the abdomen. 4x. Locust-shrimp (Sgzz//a). 
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CE ASP TER. Xv; 
ARACHNIDA. 


Crass II, ARACHNIDA.—This class includes the mites, ticks, 
scorpions, and spiders, and, as a whole, is very nearly related 
to the preceding. The Arachnida, however, are distinguished 
from the Crustacea by being adapted in most cases for a strictly 
terrestrial life, so that when any distinct breathing-organs are 
present these are never in the form of gills, but are always either 
pulmonary sacs or air-tubes (¢vachee@). In none of the Arachnida, 
further, are there ever more than four pairs of legs, and ¢he seg- 
ments of the abdomen never carry limbs of any sort. The eyes 
are always sessile, and never supported upon stalks; if antenne 
exist at all, they are much modified, and the head is always 
amalgamated with the thorax, so as to form a cephalothorax. 
The integument usually produces chitine more or less abun- 
dantly, so as to constitute a resistant shell; but in some cases 
the skin remains permanently soft. The mouth is situated in 
the anterior portion of the body, and in the higher forms is fur- 
nished with a pair of prehensile jaws, called ‘“ mandibles,” a 
pair of chewing-jaws, called “maxillz,” and a lower lip. In 
the scorpions an upper lip is present as well. In the true 
spiders each mandible terminates in a sharp movable hook 
(fig. 71, 4), perforated by a canal which communicates with a 
poison-gland situated near its base. By means of this poisonous 
fluid the spiders kill such animals as they capture. In the 
scorpions (fig. 71, 1) the mandibles are short, and terminate 
in strong pincers. In them, too, the maxille are furnished 
with enormously-developed nipping-claws or chele.* In all 
the Arachnida the mandibles are believed to correspond to 


* These nipping-claws in the scorpions are produced not by the maxillz them- 
selves, but by two appendages to the maxilla, which are known as ‘‘ maxillary 
palpi.” 
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the antenne of the Crustacea. In the lower Arachnida, suchas 
the ticks, the organs of the mouth are modified to enable them 
to imbibe fluids. 


Fig 71.—Morphology of Arachnida. 1. Organs of the mouth in the scorpion on 
one side; 72 Mandibles (antennz) converted into pincers; #4 Appendages of 
the maxillz (maxillary palpi) greatly developed, and constituting nipping-claws. 
2. Telson, or terminal joint of the abdomen, in the scorpion. 3. One of the 
abdominal segments in the scorpion, showing the ‘‘spiracles” or apertures of 
the pulmonary sacs. 4. Tegenaria domestica, the common spider (male), 
viewed from below; s Spinnerets; #2 Mandibles with their perforated hooks, 
—below the mandibles are the maxilla, and between these the lower lip; # 
Maxillary palpi. 

The mouth in the Avachuida opens into a pharynx, which 
is of extraordinary small diameter in the true spiders, which 
live simply on the juices of their prey. The intestinal canal is 
usually short and straight, and is continued without convolu- 
tions to the aperture of the anus. Salivary glands are also 
present, as well as ramified tubes which are believed to act as 
kidneys. 

The circulation is maintained by means of a dorsal heart, 
which is situated above the alimentary canal. All the Arach- 
nida, except, perhaps, some of the lowest, breathe air directly, 
and the function of respiration is performed by the general sur- 
face of the body (as in the lowest members of the class), or by 
branched air-tubes termed “ trachez,” or by distinct pulmonary 
chambers or sacs, or, lastly, by a combination of trachez with 
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pulmonary sacs. The trachez are essentially similar in struc- 
ture and function to the breathing-tubes of the /yrzapoda 
and Jusecta, and consist of tubes, which open on the surface of 
the body by distinct apertures called “‘spiracles,” and ramify 
through the tissues internally. The walls of the tube are pre- 
vented from collapsing by means of a spirally-coiled thread or 
filament of chitine, which is wound round their walls within 
their inner lining. ‘The pulmonary sacs which occur in the 
Arachnida are simple chambers formed by an inversion of the 
skin, which constitutes a number of closely-set plates or folds. 
The whole of the interior of the pulmonary sacs is richly sup- 
plied with blood, and air is admitted by means of minute ex- 
ternal openings (fig. 71, 3). 

The nervous system is of the regular articulate type, but the 
ganglia of the ventral chain are often massed together in par- 
ticular situations. In no case are compound eyes present; and 
when distinct organs of vision exist, these are in the form of 
from two to eight or more simple eyes. 


ORDERS OF THE ARACHNIDA. 


ORDER I. PoposomatTa.—In this order are included the 
“ Sea-spiders,” which are wholly marine, and were long be- 
lieved to be referable to the Crustacea on this account. As they 
have no respiratory organs of any kind, the question cannot be 
definitely settled, but they have no more than four pairs of legs, 
and would therefore seem to be properly referable to the Arach- 
nida. In some forms the legs attain an extraordinary length, 
and contain prolongations from the stomach. They are all 
grotesque-looking animals, found at low water upon stones or 
marine plants, or parasitically attached to marine animals. One 
of the commonest forms is figured below (fig. 72, a). ° 


ORDER II. Acartna.—The most familiar members of this 
order are the Mites and Ticks (fig. 72, 4, c). They are distin- 
suished by the fact that the abdomen is amalgamated with the 
cephalothorax to form a single mass. Respiration is effected 
by the general surface of the body or by air-tubes (trachez). 

The habits of the mites are extremely varied. Some are 
found upon different plants (fig. 72, 4); others are parasitic upon 
water-insects when young, but swim about freely when adult 
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(fig. 72, c); others are permanently parasitic upon other ani- 
mals, such as sheep, dogs, insects, &c.; and others inhabit de- 
caying provisions, as is the case with the well-known “ cheese- 


Fig. 72.—Arachnida. a Pycnogonum littorale; b Tetranychus telarius, one of 
the ‘‘ Sociable” mites ; c Hydrachna globulus, one of the ‘‘ Water-mites.” 


mite” (Acarus domesticus). ‘Two species have a considerable 
medical interest as attacking man. One of these causes the 
skin-disease which is known as the “itch,” and the other is 
found inhabiting certain glandular follicles of the skin, pro- 
bably without an exception even in favour of the most cleanly 
people. 


ORDER III. PEpIPALpr.—In this family are the most formid- 
able of all the Avachuida—namely, the Scorpions. They are all 


Fig. 73.—Scorpion (reduced). 


distinguished by the fact that the abdomen is divided into dis- 
tinct segments, and is continued into the cephalothorax with- 
out any well-marked boundary or constriction. In the true 
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scorpions the end of the abdomen (fig. 73) is composed of a 
hooked telson, which is perforated for the duct of a poison- 
gland, situated at its base. It is by means of this that the 
scorpions sting ; and the poisonous fluid which they secrete is 
sufficiently powerful to render their wounds troublesome and 
painful, if not positively dangerous. The mandibles in the 
scorpions, as already said, are developed into pincers, and the 
so-called ‘‘maxillary palpi” constitute powerful nipping-claws. 
The respiratory organs are in the form of pulmonary sacs, four 
on éach side, opening on the under surface of the abdomen by 
as many distinct apertures or spiracles (fig. 71, 3). 

The scorpions live in the warmer regions of the temperate 
zone and in tropical countries, and are generally found hiding 
under stones or in the crevices of walls. Their sting, though 
much exaggerated, is certainly capable of producing very un- 
pleasant symptoms.” 


ORDER IV. ARANEIDA.—In this order are the true Spiders, 
readily distinguished from the insects, with which they are 
popularly confounded, by having four pairs of legs, as well as 


Fig. 74.—Araneida. Zheridion riparium (female). 


by other characters. In all the true spiders (fig. 74) the seg- 
ments of the thorax and head are united to form a single mass 
or cephalothorax, to which the soft and unsegmented abdomen 
is joined by a constricted stalk or neck. Respiration is effected 
by means of pulmonary sacs, usually conjoined with trachee. 


* Nearly allied to the Scorpions are the so-called ‘‘ Harvest-spiders” (Phalan- 


gide), and the diminutive ‘‘ Book-scorpion” (Chelifer), which is commonly to be 
found amongst old books. 
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The pulmonary sacs are two or four in number, and open on 
the surface of the abdomen by as many apertures. The head 
bears from six to eight simple eyes; the mandibles are hooked, 
and carry the duct of a poison-gland; and the maxillary palpi 
are not developed into nipping-claws. The spiders are all pre- 
daceous and rapacious animals, and many of them possess the 
power of constructing webs, either for the capture of their prey, 
or simply for lining their habitations. For the production of 
the web, spiders are furnished with special glands situated at 
the extremity of the abdomen. The secretion of these glands is 
a viscid fluid, which hardens rapidly on exposure to air, and 
which is cast into its proper thread-like shape by passing 
through what are called the ‘‘spinnerets” (fig. 71, 4.5). These 
are little conical or cylindrical organs placed at the end of the 
abdomen, and perforated by a number of extremely minute 
tubes, through which the secretion of the gland has to pass 
before reaching the air. Many spiders, however, do not con- 
struct any web, unless it be for their own habitations, but = 
hunt their prey for themselves. 

_ The spiders are oviparous, and their young pass through no 
metamorphosis, but they cast their skin or “ moult” repeatedly 
before they attain the size of the adult. 
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CHAPTER XVI. 
MYRIAPODA. 


Crass III. Myrtapopa.—This class is an extremely small one, 
and includes only the Centipedes and the Millipedes. In all 
the Myriapoda the head zs distinct, and not amalgamated with 
the thorax. There zs no clear boundary-line between the thorax 
and the abdomen, both being composed of nearly similar seg- 
ments. The body (except in the genus Pauropus) always con- 
sists of more than twenty rings, and the hinder segments 
which correspond to the abdomen, always carry locomotive 
appendages, whereas the abdominal rings in Arachnida and 
Insecta are always destitute of locomotive appendages. One 
pair of antenne is present, and the number of the legs ts always 
more than eight pairs. Respiration is carried on by branched 
air-tubes or trachez. 

In most of their characters the Myriapoda closely resemble 
the true insects, with which, indeed, they are not uncommonly 
classed. The true insects, however, always have the head, 
thorax, and abdomen distinct from each other, and have never 
more than three pairs of legs. In most of the Myriapoda 
the young or “larve” are more like insects than the adult, 
since they have only three pairs of legs, or are altogether desti- 
tute of feet. In some cases, however, the young Myriapod, on 
escaping from the egg, possesses nearly all the characters of 
the parents, except that the number of body-rings, and conse- 
quently of legs, is smaller, and increases with every change of 
skin (“moult”). The class is divided into two leading families, 
represented by the common Centipedes and Millipedes. 

The Centipedes (fig. 75) are carnivorous in their habits, and 
the organs of the mouth are adapted fora life of rapine. In 
addition to the parts of the mouth proper, they have two pairs 
of “ foot-jaws,” of which the second is hooked and perforated 
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for the discharge of a poisonous fluid. The bite of the common 
European species is perfectly harmless to man, but some of 
the tropical forms attain a length of a foot or more, and are 


li Mi 


Fig. 75.—Centipede (Scolopendra). 


consequently able to inflict extremely severe and even danger- 
ous bites. The true centipedes are further distinguished by 
the number of legs not being indefinitely great (usually from 
fifteen to twenty pairs), and by the fact that the antennz are 
composed of not less than fourteen joints each. 

The Millipedes (fig. 76) are repulsive-looking but perfectly 
innocent animals, which feed principally upon decaying vege- 


Fig. 76.—Millipede (Jz2zs). 


table matter. The body in the ordinary millipedes is rounded 
and worm-like ; and the segments are so amalgamated that each 
apparent body-ring gives origin to ¢wo pairs of minute thread- 
like feet.. The mouth is destitute of the powerful jaws which 
are found in the centipedes, the legs are indefinitely numerous, 
and the antennz are short, and are composed of no more than 
six or seven joints each. 

The European millipedes are all of small size, but an 
American species is stated to attain a length of more than half 
a foot. 

A third family has been established for a curious little 
creature called Pauropus. In this, the body consists of only | 
ten segments, and there are no more than nine pairs of legs. 
The antenne are five-jointed, forked, and provided with jointed 
appendages. There are no trachee, and respiration is carried 
on by the skin. It is very small, and is found inhabiting 
decayed leaves and damp situations. 
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CHAPBER XVII: 


INSECTA. 


Crass IV. INseEctA.—The true Insects are distinguished from 
the preceding classes of articulate animals by the fact that fhe 
three divisions of the body—namely, the head, thorax, and abdo- 
men—are always distinct from one another; there are never 
more than three pairs of legs in the adult, and these are borne 
upon the thorax; the abdomen ts destitute of locomotive append- 
ages. Respiration is effected by means of air-tubes or trachee, 
and in most insects two pairs of wings are developed from the 
back of the second and third segments of the thorax. 

The integument in insects is more or less hardened by the 
deposition of chitine in it, and the body is deeply cut into seg- 
ments (hence the name /ysect, from the Latin zusectus, cut 
into). The head in insects (fig. 77, 2) is composed of several 
segments amalgamated together, and carries a pair of jointed 
feelers or antenne, a pair of eyes, usually compound, and the 
appendages of the mouth. The thorax in insects (4, ¢, d) is 
composed of three segments, which are amalgamated together, 
but are generally pretty easily recognised. Each of these seg- 
ments of the thorax carries, in perfect insects, a single pair of 
jointed legs, so that there are three pairs in all. To the back of 
the two hinder segments of the thorax, in most insects, there 
are also attached two pairs of wings. In their typical form the 
wings are membranous expansions, supported by more or less 
numerous hollow tubes, known as the “nervures.” One or 
both pairs of wings may be wanting, and when all are present 
the anterior pair may be much ‘modified by the deposition of 
chitine in it. These modifications will be treated of in speak- 
ing of the orders of insects. The abdomen in insects (e) is 
properly composed of nine segments, which are usually more 
or less freely movable upon one another, and which never carry 
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locomotive limbs, as is so commonly the case in the Crustacea. 
The extremity of the abdomen is, however, often furnished with 
appendages which are primarily connected with reproduction, 
but which are often converted into weapons of offence and 
defence. Of this nature are the “ovipositors” of ichneumons, 
the stings of bees and wasps, and the forceps of the common 
earwig. 


dE / 


Fig. 77.—Diagram of the external anatomy of an insect: @ Head carrying the eyes 
and antennz ; 4 First segment of the thorax, with the first pair of legs; c Second 
segment of the thorax, with the second pair of legs and the first pair of wings ; 
@ Third segment of the thorax, with the third pair of legs and. the second pair of 
wings ; e Abdomen, without limbs, but carrying terminal appendages concerned 
in reproduction. 


The organs of the mouth in insects require a brief considera- 
tion, as being in the closest possible relation with their habits 
and mode of life. Two chief types of mouth are recognisable 
in insects, termed respectively the “ masticatory” and “suctor- 
ial,” according as the mouth is fitted for biting and chewing, 
or simply for imbibing fluids. The masticatory mouth is seen 
in perfection in the beetles, in which the following organs are 
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present (fig. 78, 1): 1, An upper lip or “ labrum ” (2), attached 
below the front of the head. 2. A pair of biting-jaws (2) or 
“mandibles.” 3. A pair of chewing-jaws or “maxilla” (<), pro- 
vided with jointed filaments, called the “ maxillary palpi.’ 4. 
A lower lip or “labium” (@), which also carries a pair of jointed 
filaments, known as the “labial palpi.” In the typical suctorial 
mouth, as seen in the butterflies and moths (fig. 78, 2), the fol- 


ve 


Fig. 78.—Organs of the mouth in Insects. 1. Mouth of a masticating insect 
(beetle), represented diagrammatically : a Upper lip or ‘‘labrum; ” 3 Mandibles; 
¢ Maxillz, with their palpi; 2 Lower lip or ‘‘labium,” with its palpi. 2. Mouth 
of a butterfly: o Eye ; _/ Base of antennez ; ¢ Labial palp; % Spiral trunk. 3 
Mouth of a hemipterous insect: 7 Labium; 7 Maxillze ; 2 Mandibles. 


lowing is the arrangement of parts. The upper lip and man- 
dibles are quite rudimentary; the maxille are greatly lengthened, 
and form a spiral tube fitted for sucking up the juices of flowers ; 
and the labial palpi are much developed, and form two hairy 
cushions, between which the trunk can be coiled up when not 
in use. In many insects (fig. 78, 3) the organs of the mouth 
are essentially adapted for suction, but are also fitted for pierc- 
ing solid substances, such as the skin of animals or the stems 
of plants. In these the lower lip forms a kind of sucking-tube 
or sheath, within which are contained the maxillze and mandi- 
bles, which are modified so as to form piercing organs or lan- 
cets. In the common bee the masticatory and suctorial types 
of mouth are combined. The mandibles or biting-jaws are 
retained, ‘to enable the honeycomb to be manufactured, and 
there is also a tubular trunk fitted for sucking up the juices of 
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flowers. In the butterflies, too, in which the mouth of the 
adult is'strictly adapted for suction, the caterpillar is furnished 
with a masticating mouth, so that it can feed upon leaves, or 
other solid substances. | 

The mouth in the masticating insects (fig. 79, @) leads into a 
membranous and often folded cavity, termed the “crop” (4), 


Fig. 79.—Digestive apparatus of a Beetle (Cavabus auratus). a Gullet; 4 Crop; 
¢ Gizzard; @ Chylific stomach; ¢ Malpighian tubes ; / Intestine; g Cloaca; % 
Renal vessels. 


from which the food passes to a second muscular cavity or 
“gizzard” (c). The gizzard is adapted for crushing the food, 
and often has plates or teeth of chitine developed in its walls, 
It is succeeded by the true digestive cavity (Z), which is termed 
the “chylific stomach.” From this there proceeds an intestine 
(/), of variable length, which usually terminates in a chamber 
called the “cloaca” (g), into which the ducts of the repro- 
ductive organs open. The commencement of the gullet is 
furnished with glandular appendages, which are believed to 
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discharge the functions of salivary glands. Immediately behind 
the posterior aperture of the stomach are a variable number of 
czecal convoluted tubes (¢), which are known as the “ Malpighian 
vessels,” after their discoverer Malpighi, and which are generally 
looked upon as representing the liver, but which may correspond 
with the kidneys of higher animals. Close to the cloaca may 
be other tubes, which are believed, from their position, to exer- 
cise the functions of kidneys (Z). 

The circulation in insects is mainly carried on by a long con- 
tractile tube placed along the back, and termed the “ dorsal 
vessel.” The blood, collected from the various tissues and 
organs of the body, enters the dorsal vessel from behind, and 
is driven forwards to the anterior extremity of the body. Re- 
spiration is effected by means of air-tubes or trachezs, which 
commence at the surface by so many apertures or spiracles, and 
branch repeatedly as they proceed inwards through the tissues. 
They have the same structure as in the Arachnida, consisting 
of membranous tubes strengthened by means of a spirally-coiled 
filament of chitine. 

The nervous system in insects, though sometimes somewhat 
modified, has essentially the regular annulose form of a ventral 
chain of ganglia, traversed in front by the gullet. The organs 
of sense are the eyes and antennz. The eyes are usually “com- 
pound,” and are composed of numerous six-sided lenses, united 
together, and each supplied by a separate nervous filament. 
As many as eight thousand of these lenses have been counted 
in one of the eyes of the common cockchafer, and this number 
is sometimes greatly exceeded. Besides these compound eyes 
there are sometimes “simple” eyes, identical in structure with 
the single lenses of the compound eyes ; and in rare cases these 
are the only organs of vision. The feelers or antennz, with 
which all ‘insects are furnished, are jointed filaments attached 
close to the eyes, and assuming very different shapes in different 
insects. They appear to be certainly organs of touch, but they 
very probably minister to other senses as well, and there is 
some reason to suppose that they are connected with the sense 
of hearing in particular. 

_ The sexes in insects are distinct, and most of them are ovipa- 
rous. Generally speaking, the young insect is extremely dif- 
ferent in external character from the adult, and it requires, 


before reaching maturity, to pass through a series of changes 
L 


162 INVERTEBRATE ANIMALS. 


which collectively constitute what is called the “ metamor- 
phosis.” In some insects, however, there is no proper meta- 
morphosis, and in some the changes which take place are not 
so complete and striking as in others. By the absence of meta- 
morphosis, or by its completeness when present, insects are 
divided into three convenient, though perhaps not strictly 
natural, sections, as follows :— 


Section I. Ametabolic Insects.—The insects belonging to this 
section are said to be “ Ametabolic” (Gr. a, without ; me¢adole, 
change), because they pass through no metamorphosis. The 
young, on their escape from the egg, resemble the adult in every 
respect except in size, and they undergo no alteration in reach- 
ing maturity, except that they grow larger. All the insects of 
this section are destitute of wings in the adult state, and they 
are therefore often called “ Aptera” (Gr. a, without; Azeron, a 
wing). 


Section LI. Hemimetabolic Insects.—In the insects belonging 
to this section (Gr, #emz, half ; and metadole, change), there is a 
metamorphosis consisting of three stages, but these stages do 
not differ much from one another in appearance. The young, 
on escaping from the egg, is known as the “ larva,” and it is not 
only much smaller than the adult, but is destitute of wings, 
After several changes of skin, the larva enters into the second 
stage, when it is termed the “pupa.” The pupa is active and 
locomotive, and rarely differs much from the larva, except that 
it is bigger, and rudimentary wings have now appeared on the 
back of the thorax. After a certain period, and after some 
changes of skin, the wings burst from their sheaths, and the 
pupa is now converted into the third and final stage, when it 
is known as the “imago” or perfect insect. In all the insects 
belonging to this section—such as grasshoppers, dragon-flies, 
&c.—the second stage or pupa is active and locomotive ; and 
for this reason the metamorphosis is said to be “ incomplete.” 


Section ITI, Holometabolic Insects (Gr. holos, entire; and 
metabole, change).—The insects belonging to this section—such 
as butterflies, moths, and beetles—pass through three stages, 
just as do the preceding, but these stages differ from one another 
very much in appearance, and the metamorphosis is therefore 
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said to be “complete” (fig. 80). In these insects the larva is 
worm-like, segmented, and usually furnished with eb 
feet, which do not correspond with the three pairs proper to t : 
adult (see figs. 87, 88), though these are usually present as well, 
The larva is also provided with masticating organs, and eats 
voraciously. In this stage of the ati EEE Eap Oe the bays 
constitute what are popularly known as caterpillars” or 
“orubs,” Having remained in this condition for a longer or 
shorter time, and having undergone repeated changes of skin, 


Fig. 80.—Metamorphosis of the Magpie-moth (Phalena grossulariata). 


necessitated by its rapid growth, the larva passes into the 
second stage, and becomes a pupa (fig. 80—see also fig. 87). 
In this stage the insect remains quiescent, unless irritated, and 
it is very often attached to some foreign object, so as to be quite 
incapable of changing its place. In the case of the butterflies 
and moths, the pupa constitutes what is so familiarly known as 
the “chrysalis.”. The body is protected by a chitinous pellicle, 
and in some cases this is still further protected by the dried 
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skin of the larva; whilst in other cases the larva—immediately 
before entering the pupa stage—spins for itself a protective case 
of silken threads, which surrounds the chrysalis, and is known 
as the “cocoon.” Having remained for a variable time in this 
inanimate, quiescent pupa stage, during which rapid changes 
have been going on in the interior of the animal, the insect now . 
frees itself from the envelope which obscured it, and appears as 
the perfect winged adult or imago. 
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CHAPTER XVIII. 
ORDERS OF INSECTS. 


THE known number of insects is so enormous, their forms are 
so various, and their habits and instincts are not only so re- 
markable, but have been so fully described, that it were hope- 
less to attempt here to do more than give the briefest possible 
outline of the leading characters which distinguish the different 
orders. The student desirous of further information on this head 
must have recourse to treatises specially devoted to entomology. 


SECTION I. AMETABOLIC INSECTS.—Young not passing 
through a metamorphosis, and differing from the adult im size 
only. Perfect insect (imago) destitute of wings; eyes simple, 
sometimes wanting. 


ORDER I. ANOPLURA.—The insects comprised in this order 
are parasitic upon man and other animals, and they are com- 
monly known as Lice. They are all very minute in size, desti- 
tute of wings in the adult state, having a mouth formed for 
suction, and having either two simple eyes or none, 


ORDER II. MALLOPHAGA, —These are known as “ Bird-lice,” 
and are all minute parasites on different birds. ‘They are dis- 
tinguished from the true lice by not living upon the juices of 
their hgst, but upon the more delicate and tender appendages of 


the skin. The mouth is, consequently, not suctorial, but fitted 
for biting. 


ORDER III. THYSANURA.—The most familiar members of this 
order are the “ Spring-tails” (Podure@), which are commonly 
found under stones or in cellars and suchlike situations. They 
are distinguished by having the extremity of the abdomen fur- 
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nished with bristles, by the sudden straightening of which the 
insect can effect powerful leaps. In many cases the body is 
covered with delicate scales, which form beautiful objects under 
high powers of the microscope. 


SECTION II. HEMIMETABOLIC INSECTS.—MWetamorphostis in- 
complete; the larva differing from the perfect insect chiefly in 
the absence of wings and in size; pupa usually active, or, tf 
gutescent, capable of movement. 


ORDER IV. HEMIPTERA.—In this order the mouth is formed 
for suction (fig. 78, 3); the eyes are compound, but simple eyes 
are often present in addition. ‘Two pairs of wings are always 
present, 


Fig. 81.—Hemiptera. Bean Aphis (Ap/%2s fade) ; winged male and 
wingless female. 


The Hemiptera live upon the juices of plants or animals, 
which they are enabled to obtain by means of their suctorial 
mouths. All the four wings are present, but the condition of 
these varies in different sections of the order. In one group 
all the four wings are membranous (fig. 81); but in the other 
the posterior wings and the tips of the anterior wings alone are 
membranous. The inner portions of the anterior wings are 
hardened by chitine, and they are known as “ hemelytra” (Gr. 
hemt, half; and e/utron, a sheath). Amongst the moré fami- 
liar examples of the Hemiptera are the numerous species of 
Plant-lice (Aphides), the Field-bug (Pentatoma), the Boat-fly, 
the Cochineal insects, and the Cicadas. 

The Cochineal insects are of considerable commercial 
importance, as_ the dried and powdered bodies of the female 
constitute the substance known as Cochineal, from which is 
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obtained the brilliant pigment carmine. The male insect is 
winged, and is smaller than the female, which is wingless. 
They live upon different species of Cactus (Opuntia), and are 
mainly imported from Mexico, Algeria, and the Canary Eland, 
Numerous species of Aphzdes or Plant-lice (fig. 81) are 
known, and they are among the greatest pests of the gar- 
dener and farmer, as they are extraordinarily prolific, and live 
upon the juices of plants. One of the most curious points 
about the Plant-lice is that they secrete a sweet and sticky 
fluid; which is expelled from the body by two little tubular 
filaments placed near the end of the abdomen. Ants are 
excessively fond of this fluid, and hunt after Apfzdes in all 
directions in order to obtain it ; and it is a well-established fact 
that the Plant-lice are actually 
pleased with this, and voluntarily 
yield up the coveted fluid to the 
importunity of the ants. 


ORDER V. ORTHOPTERA.—The 
mouth in this order is strictly mas- 
ticatory ; there are four wings pre- 
sent, but the anterior pair is smaller 
than the posterior, and of a differ- 
ent texture. The posterior wings 
are membranous and are folded 
lengthwise, like a fan ; the anterior 
wings are leathery, and constitute 
cases for the posterior wings (ely- 
tra). This order includes the 
Crickets (Achefina\, Grasshoppers 
(Grytlina), Locusts (Locustina), 
Cockroaches (Blattina, fig. 82), and 
others. Some of them are formed 
for running, all the legs being nearly 
equal in size ; others have the first 
pair of legs greatly developed, and f 
constituting powerful organs of pres # 
hension : whilst others, Sitch wecthes Fig. 82.—Orthoptera. The com- 


mon Cockroach (Blatta . orien- 
Locusts and Grasshoppers, have the ais), male and female. 


hindmost pair of legs much longer than the others, giving them 
a considerable power of leaping. All the Orthopiera are extremely 
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voracious, and every one is acquainted with the terrible ravages 
occasionally caused in hot countries by swarms of locusts. 

The most destructive species is the Migratory Locust (Acry- 
dium migratoritum, fig. 83), which is very abundant in Africa, 
India, and throughout the whole of the East. Owing to the 
rapidity with which they devour everything they can possibly 

’ eat, and owing to their enormous numbers, the Locusts are com- 
pelled to be constantly on the move, looking for “fresh fields and 
pastures new.” It is from these migrations in vast bodies in search 
of food that the Migratory Locust takes its name. When one 
of these destructive hosts visits a district, it only needs a few 
hours to convert the most fertile country into a howling wilder- 
ness. In an incredibly short space of time, every green thing 


Sey 
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Fig. 83.—The Migratory Locust (Acrydium migratorium). 


on their line of march is destroyed, every leaf is stripped from 

every tree, every blade of grass and corn is eaten down, and it 

is not until the ground is utterly bare and brown that the 

locusts take wing and seek out some fresh region to devastate. 
® 

ORDER VI. NEUROPTERA.—The mouth in this order is fitted 
for mastication ; the wings are four in number, generally nearly 
equal in size, all membranous, and traversed by numerous 
delicate nervures, which interlace so as to form a delicate net- 
work (fig. 84). The metamorphosis is generally incomplete, but 
is sometimes complete. 

This order includes the well-known and rapacious Dragon- 
flies (Lzbellulide), the Caddis-flies (Phryganeide), the May-flies 
(Ephemeride), the Ant-lion (Myrmeleo), the Aphis-lion (fig. 84), 
Termites, &c. The last of these—namely, the Termites or white 
ants (fig. 85)—are social insects, living in organised communities, 
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and exhibiting many remarkable phenomena. They are mostly 
inhabitants of hot countries, and cause immense mischief by 
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Fig. 84.—Neuroptera. Aphis-lion (Hemerobiide), imago, larva, and eggs. 


destroying wood-work of all descriptions. Though called 
‘“‘white ants,” it is to be remembered that they are not related 
in any way to the true ants. They build mounds of different 
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Fig. 85.—Termites (Termes beilicosus) ; a King, before the wings are cast off : 
6 Queen, with the abdomen distended with eggs ; c Worker ; @ Soldier. 


shapes and sizes, sometimes several feet in height, formed of 
particles of earth worked into a material as hard as stone.” 
Each family of Termites possesses a king and queen, which 


170 INVERTEBRATE ANIMALS. 


are always kept together closely guarded in a chamber placed 
in the centre of the nest. Both are without wings and are 
much Jarger than the bulk of the community, the queen im- 
mensely so, owing to the enormous distension of her abdomen 
with eggs. The ordinary Termites are all sterile females, in- 
capable of laying eggs, and they are divided into two distinct 
sets or “castes,” both destitute of wings, and differing in the 
armature of the head. The one caste includes the so-called 
‘‘ workers,” who perform all the ordinary work of the colony, 
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Fig. 86.—Diptera. Crane-fly (77Aula oleracea). 


whilst the “soldiers” have greatly-developed jaws, and are 
simply occupied in defending the nest against all enemies. 


SECTION III. HOLOMETABOLA.— Metamorphosis complete ; 
the larva, pupa, and imago differing greatly from one another 
in external appearance. The larva worm-like, and the pupa 


gutescent. 


ORDER VII. APHANIPTERA.— In this order are only the Fleas 
(Pulicid@), in which the mouth is suctorial, the metamorphosis 
is complete, and the wings are rudimentary, being represented by 
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four minute scales placed on the last two segments of the thorax. 
The larva of the common flea is a footless grub, which in about 
twelve days spins a cocoon for itself, and becomes a quiescent 
pupa, from which the imago emerges in about a fortnight more. 


ORDER VIII. DrpTERA.—The insects of this order, as im- 
plied by its name, have only a single pair of wings—namely, 
the anterior pair. The posterior wings are rudimentary, and 
are represented by two clubbed filaments called “ balancers ” 
or “ poisers” (fig. 86). The mouth in the Dzféera is suctorial. 
It consists of a tubular lower lip, enclosing the other parts of the 
mouth, and placed on the under surface ‘of the head. The 
antennz are generally small and three-jointed, sometimes 
many-jointed, sometimes feathery. The metamorphosis is com- 
plete, the larva being usually a soft fleshy grub, with an indis- 
tinct head, and generally destitute of legs. 

The Dzpéera constitute one of the largest orders of insects ; 
the House-flies and Flesh-flies (AZusca), the Gnats (Cu/ex), the 
Crane-flies (7zpz/a), the Forest-flies (Wzppobosca), and the Gad- 
flies (7abanide) constituting good examples. 


Fig, 87.—Large white Cabbage-butterfly (Pontia brassicae), a Larva or 
caterpiliar ; 6 Pupa or chrysalis ; c Imago or perfect insect. 


; ORDER IX. LEPipopreRa.—This well-known and most 
eautiful of all the orders of insects comprises the Butterflies 
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and Moths, the former being active by day (durnal), and the 
latter mostly towards twilight (crepuscular), or at night (xoc- 
turnal). In all the Lepidoptera the mouth of the adult insect 
is purely suctorial, and is provided with a spiral trunk fitted for 
imbibing the juices of flowers. The wings are four in number, 
and are covered more or less completely with modified hairs or 
scales, which are pretty objects under the microscope, and from 
which the wings derive their beautiful colours. The larve 
of the Lepidoptera (fig. 87) are generally known as caterpillars. 
They are worm-like, provided with masticatory organs fitted for 


Fig. 88.—Goat-moth (Cossus liguiferda) and caterpillar. 


dividing solid substances, possessing false legs in addition to 
the three pairs proper to the adult, and having attached to the 
under lip a tubular organ or spinneret, by which silken threads 
can be manufactured. 

The butterflies or diurnal Lepzdoptera are characterised by 
being active during the day-time, by keeping their wings mostly 


ORDERS OF INSECTS. 173 


erect when at rest (fig. 87, c), by having club-shaped antennze, 
and by having a chrysalis (4), which is almost always naked 
and angular, and is generally attached to some solid object by 
silken threads variously disposed. 

The Moths (fig. 88) are mostly active during the night-time, 
when they are said to be nocturnal. Many of them, however, 
are “crepuscular”—that is to say, they are active during the 
hours of twilight ; and a few come out in broad daylight and 
in the brightest sunshine. The pupz or chrysalides are never 
angular, as in the case of the butterflies. 

In the Crepuscular Lepidoptera, including those forms which 
are active during the twilight, the antennz are fusiform, or 
grow gradually thicker from the base to the apex; the wings 
are horizontal or little inclined when the insect is at rest ; the 
posterior wings have their front margins furnished with a rigid 
spine (“retinaculum”) which is received into a hook on the 
under surface of the anterior wings ; and the pupez are never 
angular. 

The Nocturnal Lepidoptera have the antennz setaceous, or 
diminishing gradually from the base to the apex, often serrated 
or pectinated (fig. 88); the wings in repose are horizontal or 
deflexed, and the hind-wings are furnished with a “retinaculum,” 
as in the preceding section; the pupze are mostly smooth, 
sometimes spiny, and often enclosed in a cocoon. 


ORDER X. HYMENOPTERA.—In this order all the four wings 
are present, as a rule, and they are all membranous in texture, 
with few nervures (fig. 89). The mouth is always furnished 
with biting-jaws or mandibles, but often is adapted for suction 
as well. The females have the extremity of the abdomen fur- 
nished with an instrument connected with the process of laying 
eggs (ovipositor); and in very many cases this becomes the 
powerful defensive weapon known as the sting. The meta- 
morphosis is complete. 

The Hymenoptera form a very extensive order, comprising 
the Bees (Afide), the Wasps (Vesfid@), the Ants (Formiczde), 
the Saw-flies (Zenthredinida, fig. 89), and the Ichneumons. 
The bees, wasps, and ants are well known as forming social 
communities, though solitary members of the two former families 
are very common. 

In both groups these organised communities consist of a vast 
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number of undeveloped females, or “neuters”—the so-called 
“‘ workers ”—presided over by a single fertile female, or “ queen,” 
or containing several such. The males are only produced at 
certain seasons, and they constitute the so-called “drones” of a 
hive of bees, The workers discharge all the duties necessary 
for the preservation of the colony, such as procuring food, build- 
ing the nests, and feeding the young. As there is only one set, 
or “caste,” of neuters, the duty of defending the nest falls to the 


Fig. 89.—Gooseberry Saw-fly (Zezthredo grossularie), 
larva, pupa, and imago. 


lot of all the workers, and is not delegated to a special class of 
soldiers. The queen is the founder of the colony, and her sole 
function, after starting the community, is to lay eggs. The 
drones, or males, do no work, as a rule, and they either die, or 
are killed by the workers, as soon as the female is fertilised. 
The Ants likewise form communities, consisting of males, 
females, and neuters. The males and females, like those of the 
very different “ White Ants,” or Termites, are winged (fig. 90, a), 
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and are produced in great numbers at particular times of the 
year. They then quit the nest and pair, after which the fecun- 
dated females lose their wings and form fresh societies. The 
workers (fig. 90, ) are sometimes all of one kind, but they are 
often divided into two, or even three, distinct classes or ‘‘ castes.” 
The Ants exhibit many most extraordinary and interesting in- 
stincts and habits, of which their custom of “ milking” the little 
Plant-lice has been already mentioned, Another very singular 
habit of some Ants may be just alluded to—their habit, namely, of 
capturing the pupz of other species of Ants and bringing them up 
as slaves, The relations, however, between the masters and slaves 
vary a good deal in different cases. In the case, for instance, of 
the Russet Ant (Formica rufescens) the masters are so entirely 


Fig. 90.—The Red Ant (Myrmica rufa), a Winged male; 
4 Wingless female. Magnified, 

dependent upon their slaves that they cannot even feed them- 
selves, and the only work which they perform unassisted is the 
capturing of fresh slaves. In the Blood-red Ant (Formica 
sanguinea), on the other hand, the slaves are much fewer in 
number, and the masters are much less dependent upon their 
good offices. In all cases, the slaves exhibit the greatest 
devotion to their masters, and are invariably taken the greatest 
care of by their captors, : 


ORDER XI. STREPSIPTERA-—This is an extremely small 
order of insects, which merely requires to be mentioned. It 
includes only certain minute parasites, which are found on bees 
and other Lymenoptera. The females are destitute of wings or 
feet, and are merely soft worm-like grubs. The males are 
active, and possess a single pair of large membranous wings. 
Unlike the Diptera, it is the posterior pair of wings which is 
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present, and the améerzor pair is quite rudimentary, and is only 
represented by curious twisted filaments, from which the name 
of the order is derived. 


ORDER XII. COLEOPTERA.—The twelfth and last order of 
insects is that of the Coleoptera, including the well-known 
insects familiar to every one under the name of “ beetles.” 
The leading peculiarity of the Coleoptera is to be found in 
the fact, that though all the four wings are present, only the 
posterior pair are membranous, and perform the function of 
wings. The anterior pair of wings (figs. 91, 92), are no longer 
capable of being used in flight, but are hardened by the deposi- 


Fig. 91.—Coleoptera. @ Rose-chafer (Cetonza aurata) and larva ; 
b Vine-weevil (Curculio sulcatus). 


tion of chitine, and constitute protective cases, which cover the 
hind-wings, and are known as “elytra” (Gr. e/utron, a sheath). 
The mouth in all the beetles is masticatory, and is furnished 
with biting and chewing jaws. 

The larvee of the beetles are all worm-like grubs, with mas- 
ticatory mouths, and they all pass through a complete meta- 
morphosis, generally requiring a protracted period for its 
completion. The known number of different kinds of beetles 
cannot be estimated with any certainty, but it is probably little 
short of 50,000 species, and this estimate has been doubled by 
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some writers. They are, as a general rule, remarkable for their 
hard chitinous skin, their glittering, often metallic, colours, and 
their voracious habits, though many of them feed upon vegetable 
matters. 


Fig. g2.—Coleoptera. The common Cockchafer (Welolontha vulgaris), with the 
elytra closed, and in flight. 


Of the enormous number of known Beetles, the only one 
which can be said to be of any decided use to man is the so- 
called “ Blister-beetle,” or “ Spanish Fly” (Cantharis vesicatoria) 
This handsome insect is a native of Southern Europe, especially 
of Italy, Spain, and France, and lives upon the leaves of the 
ash, lilac, elder, and poplar. It is largely collected and exported 
for medicinal purposes, as it yields one of the most generally 
used and efficient of blisters. 


TABULAR VIEW OF THE DIVISIONS OF THE ANNULOSA. 


Division A. ANARTHROPODA.—Locomotive appendages not dis- 
tinctly jointed or articulated to the body. 


Ciass I, GEPHYREA,—£x. Spoon-worms (Sipunculus). 


CLAsSs IJ. ANNELIDA. 


Order a. Hirudinea.— Ex. Leeches (Hirudo). 

Order 46. Oligocheta.—x, Earth-worms (Lumbricus). 
Order ¢. Tudbicola,—Ex. Tube-worms (Serpula). 
Order @. Errantia.—Ex. Sand-worms (Nereis). 


Cuass III. CHATOGNATHA.—£x, Sagitta. 
M 
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Division B. 


the body. 
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ARTHROPODA.—Locomotive appendages jointed to 


Crass I, CRUSTACEA. 


Order a. 
Order 8. 
Order c. 
Order d. 
Order @. 
Order f- 
Order g. 
Order 2%. 
Order 7. 
Order 7. 
Order &. 
Order /. 


Order m2. 


Ichthyophthira.—x, Lernea. 

Cirripedia.—Ex. Acorn-shells (Balanus). 

Ostrvacoda,— Lx. Cypris. 

Copepoda.— Lx. Cyclops. 

Cladocera.—E-x. Daphnia. 

Phyllopoda.—Ex. Apus. 

Trilobtta.—Ex. Angelina. 

Merostomata.— Ex. King-crabs (Limulus), Eurypterida. 

Lemodipoda.—Ex, Whale-louse (Cyamus). 

Lsopoda.—Lx. Wood-lice (Oniscus). 

Amphipoda.— Ex. Sand-hopper (Talitrus). 

Stomapoda.—Ex, Locust-shrimp (Squilla), 

Decapoda.— Ex. Lobsters (Homarus), Hermit-crabs 
(Pagurus), Crabs (Cancer). 


CLaAss II, ARACHNIDA. 


Order a. 
Order 8. 
Order c. 
Order d. 
Order e. 


Podosomata.—Lx. Sea-spiders (Pycnogonum). 
Monomerosomata.—Ex. Mites (Acarida). 
Adelarthrosomata.—x. Harvest-spiders. 
Ledipalp~i.—Lx. Scorpions (Scorpio). 
Araneida.— Ex, House-spiders (Tegenaria). 


Cxiass III. MyrRIAPODA. 


Order a. 
Order 4. 
Order c. 


Chilopoda. —Ex. Centipedes (Scolopendra). 
Chilognatha.—£x. Millipedes (Lulus). 
Fauropoda.—Lx. Pauropus. 


Ciass IV. INSECTA. 


Order a. 
Order 0. 
Order c. 
Order d. 
Order @é. 
Order f. 
Order g. 
Order 4. 
Order z. 
Order 7. 
Order &. 
Order 7. 


Anoplura.—Ex. Lice (Pediculus). 
Mallophaga.— Ex. Bird-lice. 
Thysanura.—Ex, Spring-tails (Podura). 
femiptera,—Lx. Plant-lice (Aphides). 
Orthoptera.—L x. Cockroaches (Blattina). 
Neuroptera,—LEx. Dragon-flies (Libellulidz). 
Aphaniptera,—Ex. Fleas (Pulex). 
Diptera.—Ex, House-flies (Musca). 
Lepidoptera.—Ex. Butterflies and Moths. 
Hymenoptera — Ex. Bees and Wasps. 
Strepsiplera.—Ex. Stylops. 
Coleoptera.— Fx. Cockchafers (Melolontha), Stagbeetles 
(Lucanus), Weevils (Curculio). 
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SUB-KINGDOM V. MOLLUSCA. 
CHAPTER XIX. 


SUB-KINGDOM MOLLuScA.—The Mollusca (Lat. mollis, soft), 
as implied by their scientific name, are mostly soft-bodied 
animals ; but their popular name of “ shell-fish” expresses the 
fact that their soft body is usually protected by an external 
skeleton or “shell,” All the A/ol/usca are furnished with a 
distinct alimentary canal, which is completely shut off from the 
general cavity of the body (fig. 93, a). There is sometimes no 
distinct blood-circulatory apparatus ; but when there is, its cen- 
tral portion (z.¢., the heart) is placed upon the dorsal aspect of 


Fig. 93.—Diagram of a Mollusc. @ Alimentary canal; & Heart; / Foot; 
z Cerebral ganglion ; z’ Pedal ganglion; #” Parieto-splanchnic ganglion. 

the body. The chief peculiarity, however, of the Mollusca is 
found in the nature of the nervous system. In the lower forms 

g 95, 2 @), the nervous system consists essentially of a single 
ganglionic mass, giving off filaments in various directions. In 
the higher MWo//usca (fig. 93, 2}, the nervous system consists of 
three scattered ganglia, united to one another by nervous cords. 
One of these ganglia is placed above the gullet or cesophagus, 
and is known as the “supra-cesophageal” or “ cerebral” gan- 
glion. A second supplies nerves to the great locomotive organ 
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of most Molluscs, the “foot,” and is therefore called the 
“pedal” ganglion. The third is known by the cumbrous name 
of the “ parieto-splanchnic” ganglion, because it supplies ner- 
vous filaments to the walls (farietes} of the body, and also to 
the internal organs (sp/anchna). In all the higher Molluscs it 
is this scattered condition of the nervous masses which distin- 
guishes them so sharply from all other animals. Distinct re- 
spiratory organs may or may not be present, and they may 
be adapted for breathing air directly or through the medium 
of water. All the higher Aod/usca are simple animals, and 


Fig. 94.—Diagrammatic section of aWhelk. @ Mouth, with masticatory apparatus; 
6 Salivary glands ; c Stomach ; @d Intestine, surrounded by the liver, and ter- 
minating in the anus (e) ; g Gill ; 2 Heart ; f Nervous ganglion. 
perpetuate their kind by means of the sexes, but many of the 
lower forms have the power of producing colonies by continu- 
ous gemmation, much as we have formerly seen in the Hydroid 
Zoophytes. 

The digestive system in all the M/o//usca consists of a mouth, 
gullet, stomach, intestine, and anus (fig. 94), with the exception 
of a few forms in which the intestine ends blindly. In some the 
mouth is surrounded by ciliated tentacles (Polyzoa, fig. 96) ; in 
others it is furnished with two long ciliated arms (Brachiopoda, 
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fig. 99); in the bivalves (Lamediibranchiata), it is mostly fur- 
nished with four membranous processes or “ palpi” (fig. 100, 4) ; 
in others it is furnished with a complicated toothed organ or 
‘“-odontophore” (Gasteropoda, fig. 103, and Pterofoda); and 
lastly, the Cefhalopoda, in addition to an odontophore, possess 
horny mandibles, forming a kind of beak, very like that of a 
parrot. 

The blood is colourless, or nearly so. In the lowest class of 
the Mollusca (Polyzoa) the circulation is carried on by means 
of cilia, and there is no distinct heart nor any definite course of 
the circulating fluid. In the sea-squirts (7zzcata) there is a 
distinct heart, but the structure of this is very simple, consisting 
of a mere tube, open at both ends, so that the course of the cir- 
culation is periodically reversed. In thé higher A/o//usca there 
is a distinct heart, consisting of two chambers, of which one 
(the auricle) receives the aerated blood from the gills, whilst 
the other (the vextricle) drives it through the body. 

Respiration is very variously effected amongst the AZollusca, 
In the Polyzoa (fig. 96) respiration is discharged mainly by the 
crown of ciliated tentacles surrounding the mouth. © In the sea- 
squirts (fig. 97) respiration is effected by a greatly-developed 
pharynx, which is perforated by numerous ciliated apertures. 
In the lamp-shells and their allies (Brachiopoda, fig. 99) the 
long ciliated arms which spring from the sides of the mouth 
seem to be the main agents in respiration. In the Bivalve shell- 
fish, the cuttle-fishes, and most of the Univalves, the breathing- 
organs are in the form of gills or branchiz, adapted for breath- 
ing air dissolved in water. In the remainder of the Univalves 
(eg., snails and slugs) the breathing-organs are adapted for 
breathing air directly, and have the form of an air-chamber or 
pulmonary sac, produced by the folding of a portion of the 
mantle. The air is admitted to the chamber by a round open- 
ing situated on the side of the neck, and capable of being closed 
at will. The lining membrane of the chamber is richly sup- 
plied with blood-vessels, and thus the necessary purification of 
the blood is carried out, 

In accordance with the scattered or rudimentary condition of 
the nervous system, the (/o//usca are not characterised by acute- 
ness of senses, nor by any great power of locomotion. Organs 
of sight exist in some of the lower and many of the higher 
Mollusca, attaining in the cuttle-fishes' (fig. 109) an extremely 
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high type of organisation. The common Bivalve shell-fish, 
such as the scallop, possess numerous simple eyes placed along 
the margins of the mantle, but in many cases even these are 
absent. Locomotion is very variously effected, but seldom with 
much vigour or activity. The lowest classes of the AZo//usca 
are in the great majority of instances fixed when adult. The 
common Univalve shell-fish, such as whelks, snails, slugs, &c. 
creep about slowly by means of a flattened disc, developed 
on the under surface of the body, and known as the “foot.” 
Other Univalves and many Bivalves can effect short leaps by 
means of the foots but many of the latter are permanently fixed 
to solid objects, or buried in the sand. The minute A/o/usca, 
known as the Prerofoda (fig. 108), swim freely at the surface of 
the ocean by means of two fins, formed by a modification of the 
foot, and attached to the sides of the head. The only Molluscs 
which enjoy really active powers of locomotion are the preda- 
cious cuttle-fishes, which swim rapidly by means of fins, or by 
ejecting a jet of water from the cavity of the mantle, and which 
can also creep about by means of the “arms” placed round the 
mouth (fig. 110). 

The last feature in the J/o//usca which requires to be men- 
tioned is the “shell.” The shell is not invariably and univer- 
sally present in the A/o//usca, many being either destitute of a 
shell altogether, or having one so small that it would not com- 
monly be recognised as such. In these cases, asin the common 
slugs, the animal is said to be “naked.” In all the 17/o//usca 
which possess a shell, this is secreted by the integument, or by 
what is technically called the mantle; and.in all cases it is com- 
posed of carbonate of lime. The méthods in which the lime is 
arranged differ in different cases; but all living shells have an 
outer covering of animal matter, which is known as the “ epi- 
dermis.” In a great many of the higher J/o//usca, such as the 
whelks, periwinkles, snails, and others, the shell consists of only 
a single piece, when it is said to be “univalve.’? In many 
others, such as oysters, mussels, scallops, &c., the shell is com- 
posed of two pieces, and is then said to be “ bivalve.” Ina few 
forms the shell consists of several pieces, and it is then said to 
be “multivalve.” The more important variations in the shells 
of the Mollusca will be noticed in speaking of the different 
classes of the sub-kingdom. 

In accordance with the nature of the nervous system, the 
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Mollusca are divided into two great divisions, known respec- 
tively as the Molluscoida and Mollusca proper. In the Mollus- 
covda the nervous system consists of a single ganglion, or prin- 
cipal pair of ganglia, and there is either no circulatory organ 
or an imperfect heart. In this division are included the three 
classes of the Sea-mosses (Polyzoa), the Sea-squirts (7 unzcata), 
and the Lamp-shells and their allies (Brachiofoda). In the 
Mollusca proper the nervous system consists of three principal 
pairs of ganglia, and there is a well-developed heart, consist- 
ing of at least two chambers. Under this head come all the 
ordinary forms of shell-fish, 
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CLASS I. POLYZOA.—The members of this class are the lowest 
of all the Wodlusca, and they are generally known by the popu- 
lar names of “‘Sea-mosses” and “ Sea-mats.” They are invari- 
ably compound, forming associated growths or colonies, each 
consisting of a number of distinct but similar zodids, produced 
by gemmation from a single primordial individual. The colo- 
nies thus produced are very generally protected by a horny or 
chitinous integument, and they are so like the Hydroid Zoophytes 
that they were long described as such. The only absolute dis- 
tinction between the two classes is to be found in the internal 
structure of the zodids of each; but they may be generally 
separated by the fact that the separate cells in a compound 
Hydroid are all united to one another by means of a common 
flesh or ccenosarc ; whereas in the Polyzoa the separate cells 
composing the colony are merely connected externally, but 
very rarely have any direct communication with each other. 
The separate beings or zodids which collectively constitute the 
colony of any Polyzodn are spoken of as “polypides ”—the 
term folypite being only used in connection with the Hydrozoa, 
and the term folyfe being similarly restricted to the Actinozoa. 

Each polypide in a typical Polyzodz has the following struc- 
ture (fig. 95, 2): The body of the animal is enclosed in a 
double-walled sac, of which the outer layer is usually chitinous 
or calcareous, and constitutes a “cell” in which the zodid is 
contained. This outer layer is known as the “ectocyst,” to 
distinguish it from the ectoderm of the C@wlenterata. ‘The cell, 
thus formed, is lined by a much more delicate membranous 
layer, which is known as the “endocyst.” This membranous 
sac, formed by the endocyst, is pierced by two openings. One 
of these is the mouth, and it is always surrounded by a circle 
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or crescent of hollow ciliated processes or tentacles (fig. 95, 
2a). These ciliated tentacles serve partly as respiratory organs, 
and partly to set up a current of water by which floating 
particles of food are brought to the mouth. The mouth and 
tentacular crown can be partially or completely pulled into 
the sac by means of a muscle which is fixed to the gullet 
(2 ¢). The mouth leads into a gullet, and that again into a 
stomach, sometimes with a muscular gizzard between. From 
the stomach proceeds an intestine of variable length, which 


Fig. 95.—Morphology of Polyzoa. x. Fragment of one of the Sea-mats (//ustra 
truncata), magnified to show the cells. 2. Diagram of a single polypide of a 
Polyzodn (after‘Allman): @ Mouth surrounded by the ciliated tentacles; 6 
Alimentary canal; c Anus; d Nervous ganglion ; e Investing sac or ‘‘ectocyst ;”” 
SS Reproductive organs ; ¢ Muscle. 3. Bird’s-head process. 


terminates by a distinct anus at the upper part of the sac 
(2c). On one side of the gullet, between it and the anus, is 
placed a single nervous ganglion (¢@), Distinct reproductive 
organs (f/) are also present, and the whole cavity of the sac is 
filled with fluid. From the above description it will be evident 
that the typical polypide of a Polyzodn differs from the polypite 
of a Hydrozoon in having a distinct alimentary canal suspended 
freely in a body-cavity, and having both a mouth and vent, in 
having a distinct nervous system, and in having the reproduc- 
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tive organs contained within the body. On the other hand, in 
the Hydrozoa, there is no alimentary canal distinct from the 
body-cavity, there is no nervous system, and the reproductive 
organs are in the form of external processes of the body-wall. 
The foregoing gives the essential structure of the polypide 
of any Polyzoon, but in nature this simplicity is lost. In all 
cases in nature the primitive polypide possesses the power of 
producing fresh zodids by a process of budding; and these 
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Fig. 96.—1. Fragment of Plustra truncata, one of the Sea-mats, natural size. 2. 
A single polypide of Vadlkeria, magnified, showing the circular crown of ten- 
tacles. 3. A polypide of Lophopus crystallinus, a fresh-water Polyzoén, highly 
magnified, showing the horse-shoe-shaped crown of tentacles: a@ Tentacular 


crown; 4 Gullet ; c Stomach ; d Intestine; e Anus; g Gizzard ; & Endocyst ; 
2 Ectocyst. 


zodids remain attached to one another, so that ultimately there 
is produced a compound growth or colony. Further, in almost 
all the Polyzoa, the ectocyst or outer layer of the polypide is 
more or less hardened by the. deposition in it of chitine or of 
carbonate of lime. The skeletons thus formed are the parts of 
the colony which are most familiarly known, and in the case 
of the common sea-mats (fig. 96, 1) they are very well known 
to sea-side visitors, and are generally regarded as sea-weeds. 
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Examined in its dead state, such a skeleton only shows a 
number of little horny chambers or cells (fig. 95, 1), each with 
a little aperture. When alive, however, each of these cells was 
tenanted by a single zodid or polypide, capable of protruding 
its ciliated head from the aperture, and of again retiring within 
it, if alarmed. The skeleton is, in some cases, furnished with 
curious organs, which are known as “ bird’s-head processes ” 
(fig. 95, 3), from their resemblance to the beak of a bird. The 
parts of this beak keep constantly snapping together, very much 
like the little pincer-like organs called “ pedicellarie” in the 
sea-urchins and star-fishes ; but it is difficult to see what service 
they perform. They continue their movements long after the 
death of the polypides, and this appears, in some cases, at any 
rate, to be due to a peculiar system of nerves known as the 
“colonial” nervous system. In addition, namely, to the single 
ganglion with which each polypide is furnished, it has been 
shown that, in many forms, the zodids composing the colony are 
united together by a well-developed nervous system, and are 
thus brought into organic connection with one another. 

The vast majority of the Polyzoa are fixed, and thus assume 
a very plant-like appearance. There is one fresh-water species, 
however (viz., Crvistate//a), in which the colony can creep about 
upon a flattened base very like the foot of a slug. In this 
same form, also, alone of all the Polyzoa, there is not any outer 
covering or ectocyst to the polypides. 

The Polyzoa are partly inhabitants of the sea and partly of 
fresh water, and they are thus divided into two groups which, as 
a general rule, differ from one another very much in anatomical 
structure, In most of the fresh-water Polyzoa the tentacles are 
borne upon a crescentic disc or stage (fig. 96, 3), so that the 
crown of tentacles assumes the shape of a horse-shoe. In 
almost all the marine forms, on the other hand, the tentacles 
(fig. G6, 2) are simply arranged in a circle. 

All the Polyzoa are hermaphrodite, each polypide being fur- 
nished with the reproductive organs proper to the two sexes. 
The eggs are simply liberated into the perivisceral cavity, where 
they are fertilised; but it is uncertain how the fertilised ova 
escape into the external medium. Besides true sexual repro- 
duction, and besides the power of producing colonies by con- 
tinuous budding, fresh individuals can be produced in many 
cases by a process of discontinuous gemmation. 
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CLAss II. TUNICATA.—The members of this class are not 
uncommonly called Ascidian Molluscs (Gr. askos, a wine-skin), 
from the resemblance which many of them exhibit in shape to 
a two-necked leather bottle (fig. 97, 2). They are popularly 
known as “Sea-squirts,” from their power of forcibly ejecting 
water from the orifices of the bottle. Their scientific name, 
again, of Zunzcata, is derived from the fact that the body is 
enveloped in a leathery elastic integument, which consists of 
different layers, and which takes the place of a shell. The outer 
covering of the animal is of a gristly or leathery consistence, and 
is known as the “test.” It is remarkable for containing a con- 
siderable proportion of a substance apparently identical with 


Fig. 97.—Morphology of Tunicata. 1. Diagram of a'Tunicary (after Allman); @ 
Oral aperture ; 4 Atrial aperture ; c Respiratory sac, with its rows of ciliated 
apertures ; d Alimentary canal ; e Anus ; /Cloaca or atrium ; ¢ Nervous ganglion. 
2. A simple Ascidian (Cynthia papillosa.) 


cellulose, which is one of the most characteristic of all vegetable 
products. The test is lined by a second coat, which is highly 
muscular, and confers upon the animal its power of contracting 
itself and squirting out water. Of the two necks which are 
placed at the anterior end of a simple Ascidian (fig. 97), one 
is perforated by the aperture of the mouth, whilst the other 
serves as an excretory aperture. These two apertures are known 
respectively as the “ oral” and “atrial” apertures. 

The oral aperture (a) is usually furnished with a circle of 
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small non-retractile tentacles, and opens into a great chamber 
known by various names, but best as the “respiratory sac.” 
This sac occupies the greater part of the cavity of the body 
(fig. 97, 1 c), and has its walls perforated by numerous apertures, 
the sides of which are ciliated. At the bottom of the respira- 
tory sac is a second opening (the south of some writers) which 
leads by a short gullet into a capacious stomach (d). From the 
stomach an intestine is continued to terminate by a distinct 
anus, which does not communicate directly with the exterior, 
but opens into a second great chamber, known as the “cloaca” 
or “atrium” (¢). The cloaca, in turn, opens on the exterior by 
the second or atrial aperture in the test (4), These two great 
chambers—namely, the respiratory sac and the cloaca—occupy 
the greater part of the body-cavity, and where their walls come 
into contact, a free communication is established between the 
two by means of the ciliated apertures already spoken of as 
perforating the respiratory sac. The cilia which fringe these 
apertures all work towards the cloaca, and thus a constant 
current of water is caused to set in by the oral aperture, through 
the respiratory sac, into the cloaca, and out again by the atrial 
aperture. In this way respiration is effected, the walls of the 
respiratory sac being almost made up of blood-vessels. A distinct 
heart is present in all the Zzuzcafa, but it has a very simple 
structure (1 #). It consists of a simple tube, open at both 
ends, and not provided with valves, In consequence of this, 
the circulation in the majority of Tunicaries is periodically | 
reversed, the blood being driven for a certain number of con- 
tractions in one direction, and then propelled for a like period 
in an opposite direction ; so that “the two ends of the heart are 
alternately arterial and venous.” 

The nervous system in the Zwszcata consists of a single 
ganglion placed on one side of the oral aperture. 

With one or two exceptions all the Zumzcata are hermaphro- 
dite, the organs of reproduction being situated in a fold of the 
intestine, and opening into the cloaca. The embryo is at first 
free, and swims about by means of a long tail, so that it pre- 
sents considerable resemblance to the tadpole of a frog. 

The Tunicata are all marine, but differ a good deal from one 
another in form, In the so-called “simple” Ascidians the 
animal has the shape figured above, and is fixed to some solid 
object by one end of the test. In the “social” Ascidians the 
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organism consists of a number of zodids, produced by continu- 
ous budding, and connected together by a common tube, through 
which the blood circulates. In the so-called “compound” 
Ascidians the tests are fused together into a common gelatinous 
mass, in which the individuals are embedded in groups. Some 
of the 7umnicata are oceanic—that is to say, are found floating 
or swimming at the surface of the open ocean—and some exhibit 
the phenomenon of phosphorescence. 


In the foregoing description it has been found impossible to convey 
even the most elementary outline of the anatomy of a Tunicate without 
having recourse to technical terms. There still remain a few points of 
homology which should be mentioned. In the foregoing, the so-called 
“oral aperture” of the animal has been regarded as truly the mouth, 
this being the simplest view, and the one held by Professor Huxley. 
Upon this view the ‘‘respiratory sac,” into which the mouth opens, 
must be regarded as a greatly-developed pharynx (z.¢., the upper portion 
of the alimentary tube). Similarly, on this view, the ower aperture of 
the respiratory sac will have to be regarded as the opening of the gadé/er. 
By Professor Allman, again, the respiratory sac is looked upon as 
formed by a great modification of organs corresponding to the ciliated 
tentacles of the Polyzoa, so that the /ower aperture of the respiratory sac 
is the true mouth. Lastly, by Professor Rolleston the respiratory sac 
is looked upon as corresponding to the gills of the bivalve shell-fish 
(Lamellibranchiata), and the oral and atrial apertures are regarded as 
corresponding to the ‘‘ respiratory siphons” of these same animals. On 
this view the ower aperture of the respiratory sac is again looked upon 
as the true south. ‘The question cannot be regarded as settled, and 
Huxley’s view has been here adopted merely as being the most readily 
intelligible to learners. 


Cuass III. BRACHIOPODA.—The members of this class are 
little known to the general public, being all marine, often in- 
habiting considerable depths in the sea, and being much more 
abundantly represented by fossil forms than by living examples. 
They are often placed with the ordinary Bivalve shell-fish 
(Lamellibranchiata), in consequence of their universally pos- 
sessing a shell composed of two pieces or valves (fig. 98), but 
they are really of a much lower organisation. In their essential 
structure they show many points of affinity to the Polyzoa, but 
they are always simple animals, never forming colonies, and 
they always have a bivalve shell. The two pieces of which the 
shell is composed are always placed one in front and one be- 
hind, so that they are “ventral” and “dorsal,” and not “right ” 
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and “left” as in the true Bivalves. The two valves of the shell 


are also always slightly, and sometimes greatly, 
different to one another in size, so that the 
shell is said to be “inequivalve.” The ven- 
tral valve is usually the largest, and often 
possesses a prominent curved beak, which is 
generally perforated by an aperture through 
which there passes a muscular stalk by means 
of which the shell is attached to some solid 
object. In some cases, however, asin Lingula 
(fig. 98), the stalk of attachment simply passes 
between the valves, and is not transmitted 
through a distinct aperture. In other cases 
the shell is simply attached by the substance 
of the ventral valve. 

The inner surface of the valves of the shell 
is lined by expansions of the integument, 
which are called the “mantle-lobes,” and 
which secrete the shell. The digestive organs 
and muscles occupy a small space near the 
apex or “beak” of the shell, which is parti- 
tioned off by a membranous partition, per- 
forated by the aperture of the mouth. The 
remainder of the cavity of the shell is almost 
filled by two long processes, derived from the 
sides of the mouth, fringed with lateral 
branches, and termed the “arms” (fig. 99, 1). 
These arms are usually closely coiled up, and 


191 


Fig. 98. — Lingula 
anatina, showing 
the muscular stalk 
by which the shell 
is attached. 


serve to obtain food for the animal. It is from these organs 


N 


Fig, 99.—Terebratula vitrea, 1. Showing the ciliated “arms.” 2, Showing 
the shell with its loop for the support of the arms. (After Woodward.) 


that the name of the class is derived (Gr. dvachion, arm ; and 
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podes, feet). The arms also serve as respiratory organs, and 
in many forms they ate supported on an internal calcareous 
framework or skeleton, sometimes called the *‘ carriage-spring 
apparatus.” 

The mouth is placed between the bases of the arms, and is 
not furnished with any apparatus of teeth. It conducts bya 
gullet into a distinct stomach, surrounded by a well-developed 
granular liver. The intestine may or may not be furnished with 
a distinct anus, but in no case does it open into the body-cavity. 
Within the lobes of the mantle there is a remarkable system of 
branched tubes, which commence by blind extremities, and 
finally communicate with the mantle-cavity by means of cer- 
tain organs which were formerly believed to be hearts, and are 
now known as “pseudo-hearts.” This system of tubes appears 
to be mainly, if not entirely, connected with reproduction. A 
true heart, however, is present in most, if not in all, of the 
Brachiopoda. 

The nervous system consists of a single principal ganglion, 
connected in some cases with others so as to forma collar 
round the commencement of the gullet. In some cases, how- 
ever, the nervous system appears to be very rudimentary. 

The sexes appear to be sometimes distinct and sometimes 
united in the same individual. The embryo, in some cases, at 
any rate, is locomotive, moving from place to place by means of 
the ciliated arms or by ventral spines. 
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CHAPTER XXII. 
MOLLUSCA PROPER. 


THE higher Mollusca or Mollusca Proper comprise those mem- 
bers of the sub-kingdom in which ¢he nervous system consists of 
three principal pairs of ganglia; and there ts always a well- 
developed heart, consisting of at least two chambers. 

In this division are included the following classes :— 
. Lamellibranchiata, without a distinct head. 


Las | 


2. Gasteropoda . oe 

BME with a distinct head and a masticatory 
3. Pteropoda, io a 
f apparatus or “ odontophore. 


. Cephalopoda, 


CLASs [. LAMELLIBRANCHIATA.—These are well known as 
Bivalve shell-fish, such as mussels, oysters, scallops, &c., and 
they are all either marine or inhabitants of fresh water. They 
are distinguished from the other Molluscs by having no distinct 
head, and by having the body more or less completely protected 
by a bivalve shell composed of two pieces. They are called 
Lamellibranchiata from the fact that the organs of respiration 
are in the form of leaf-like gills or branchize, two of which are 
placed at each side of the body, constituting what is known in 
the oyster as the “beard.” The body of the Lamellibvanchiata 
is more or less completely enclosed in an expansion of the in- 
tegument which constitutes the “ mantle,’ and which is divided 
into two halves or “lobes,” which are placed on the szdes of the 
animal, and secrete the shell. The shell, therefore, of the true 
bivalves is composed of two valves, which are “right” and 
“left,” and not “dorsal” and “ventral,” as in the Brachiopoda. 
Moreover, the valves of the shell are usually of the same size, 
so that the shell is “equivalve;” and, lastly, the shell is more 
developed on one side than the other, so as to become “in- 
equilateral” (fig. 101, 2). The lobes of the mantle are sometimes 
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quite free ; but at other times they are more or less united to 
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Fig. 100.—Anatomy of a Bivalve Mollusc. 
Mya arenaria (after Woodward). The 
left valve and mantle-lobe, and half the 
siphons, are removed. ss Respiratory 
siphons, the arrows indicating the direc- 
tion of the currents; a @ Adductor muscles; 
6Gills ; 2 Heart ; o Mouth, surrounded by 
(p) labial palpi;_f Foot ; v Anus; az Cut 
edge of the mantle. 


each other, and leave only two 
openings. Through one of 
these openings (the anterior) 
the “foot” is protruded (fig. 
Ioo, 7); and through the 
other pass the respiratory 
tubes or “siphons” (s). The 
foot in the bivalves is a 
muscular organ developed 
upon the lower surface of 
the body, but not forming a 
creeping flattened disc, as in 
the ordinary univalves. In 
many Cases it is quite rudi- 
mentary ; and even when it 
is employed in locomotion it 
is usually small. Most gene- 
rally it is hatchet-shaped or 
pointed (fig. 100, /),and serves 
to enable the animal to make 
short leaps. In many cases 
—as in the common mussels 
—the foot is subsidiary to a 
special gland, which secretes 
a viscous fluid, which hard- 
ens rapidly on exposure to 
the air. This fluid is mould- 
ed by the foot into silky 
threads (the so-called “ bys- 
sus”), by means of which the 
shell is firmly fixed to some 
solid object. Besides the 
muscular foot, other muscles 
are present as well in the 
Lamellibranchiata. Of these 
the most important are the 
muscles which close the shell, 
and are called the “adduc- 
tor” muscles. - In one group 
of the bivalves (fig. 101, 3) 
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there is only one adductor muscle, but ordinarily there are 
two (fig. 101, 2). These muscles leave distinct scars or “ mus- 
cular impressions” in the dead shell, so that it is easy to 
determine how many were present in any given shell. The 
margin of the mantle, too, is muscular, and leaves upon the 
shell a distinct line where it was attached, this being known as 
the “ pallial line” (Lat. Zallzum, a mantle), as shown in fig. IOI. 

As regards the shell of the bivalves the following are the 
chief points to be noticed. Each valve of the shell’ (fig. 101) is 
to be regarded as essentially a hollow cone, the apex of which 
is turned more or less to one side. The apex of the valve is 
known as the “umbo” or “ beak,” and is turned towards the 
mouth of the animal. Consequently, the side of the shell to-~ 
wards which the beaks are turned is known as the “anterior” 


Fig. toz.—Shells of Lamellibranchiata. 1. Cyclas amunica, a shell with two 
adductor muscles, and an ‘“‘entire” mantle-margin. 2. Tapes pullastra, a 
shell with two adductors, and an indented pallial line. 3. Perna ephippiume, 
a shell with one adductor muscle: @ Pallial line; 4 Scars left by the adductors; 
¢ Siphonal impression. 


side, and it is usually much shorter than the opposite or “ pos- 


terior” side. The side of the shell at which the beaks are 
situated is known as the “ dorsal” margin; and here the valves 
are united to one another for a longer or shorter distance along 
a line which is known as the “hinge-line.” The union between 
the valves is usually effected by means of interlocking parts 
or “teeth,” and there is often a band of horny fibres passing 
between the two valves just behind the beaks. In many cases 
there is also a series of horny fibres placed perpendicularly 
between the beaks, so as to be compressed when the shell is 
shut. By the elasticity of these, and of the external ligament 
when present, the valves of the shell are opened, without any 
effort of the animal, simply by relaxing the adductor muscles. 


196 INVERTEBRATE ANIMALS. 


The valves are shut again by the contraction of the adductor 
muscle or muscles. 

As already said, the margin of the mantle leaves on the shell 
a distinct impression—the “pallial line ”—and by inspection of 
this, important conclusions can be drawn in any given Case as 
to the mode of life of the animal. In certain shells, namely, 
the pallial line (fig. 101, 1) is unbroken or “entire,” and in these 
the-mantle-lobes were either quite free, or if attached to one 
another and drawn out into respiratory tubes, these were not 
furnished with special muscles by which the tubes could be 
retracted within the shell. In other bivalves, on the other 
hand (fig. 1o1, 2), the pallial line is indented to a greater or less 
extent, showing that the mantle-lobes were more or less united 
to one another, and were drawn out into long respiratory tubes 
or siphons, which were furnished with special muscles by which 
they could be withdrawn within the shell. This difference ex- 
presses a real distinction amongst the bivalves, due to their 
mode of life. In all alike, the respiratory organs are in 
the form of membranous leaf-like gills, of which there are 
generally two on each side of the body. The gills are com- 
posed generally of tubular rods (fig. 100, 4) richly supplied with 
blood-vessels, and covered with vibrating cilia. For the proper 
maintenance of respiration, however, it is necessary that the 
gills should be constantly supplied with fresh water. In those 
bivalves in which the animal is free and the mantle-lobes not 
attached to one another, this is effected without any special 
mechanism. In those forms, however, in which the animal 
lives buried in the mud and sand, and the mantle-lobes are more 
or less completely united, there are two orifices, one of which 
admits fresh water, whilst the effete water is got rid of through 
the other. These orifices, in the shells just spoken of, are ex- 
tended into two long tubes which are known as the “ respira- 
tory siphons.” The water passes in by one siphon, is swept 
over the surface of the gills, and then reaches the mouth (fig. 
100, s 5), when it is returned in the opposite direction to escape 
by the other siphon. The same current of water, therefore, 
both carries oxygen to the gills, and serves to convey food to 
the mouth. The two siphons may be quite distinct from one 
another, but they are very often united together so as to look 
like ‘a single tube (fig. 100). They are often very small, and then 
they leave no traces of their existence in the dead shell; but 
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when they are very long, they are furnished with muscles to 
retract them within the shell, and it is the scar left by these 
muscles which causes the pallial line to be indented. This 
indentation, therefore, as seen in the dead shell, is an indi- 
cation that the animal possessed long retractile respiratory 
siphons, and lived, therefore, most probably embedded in sand 
or mud. 

There is always a distinct heart, composed of two or three 
chambers, and in all cases acting as a mere arterial heart. 
That is to say, the heart propels the aerated blood derived from 
the gills through the body, and has nothing to do with the pro- 
pulsion of the non-aerated or venous blood through the gills. 
There is never any distinct head in any of the Bivalves, and for 
this reason they are sometimes called the “headless” (acepha- 
Jous) Molluscs. The mouth is simply placed at the anterior end 
of the body, and is never furnished with teeth, though usually 
_ provided with membranous processes or “ palpi” (fig. 100, p). 
The mouth opens into a gullet which conducts to a stomach. 
The intestine is convoluted, and usually perforates the ventricle 
of the heart, ultimately terminating in a distinct anus, which is 
always placed near the respiratory aperture. A large and well- 
developed liver is also present. 

The nervous system has its normal form of three principal 
masses—the cerebral, the pedal, and the parieto-splanchnic 
ganglia. 

The majority of the bivalve Molluscs have the sexes distinct, 
but they are sometimes united in the same individual. The 
young are hatched before they leave the parent, and, when first 
liberated, are ciliated and free-swimming. 

The habits of the Lamellibranchiata are very various. Some, 
such as the Scallops (Pecten), habitually lie on one side, the 
lower valve being the deepest, and the foot rudimentary or 
wanting. Others are fixed to the bottom of the sea by the 
substance of one of the valves. Others, such as the com- 
mon Mussel, are moored to some foreign object by a tuft of 
silky fibres, constituting a “byssus.” Many, such as the 
Gapers (Aya) and Razor-shells (So/ez), spend their existence 
sunk in the sand of the sea-shore or the mud of estuaries. 
Others, such as the Pfolades, bore holes in rock or wood, 
in which they live. Finally, many are permanently free and 
locomotive. 
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CLASS IJ. GASTEROPODA.—This class includes an enormous 
number of Molluscs, such as the land-snails, sea-snails, whelks, 
limpets, slugs, sea-lemons, &c., which agree in many funda- 
mental characters, but nevertheless present many striking dif- 
ferences. From the very common occurrence of a shell com- 
posed of a single piece, the Gasferopoda are often spoken of in 
a general way as the “univalve” Molluscs. In many, however, 
there is either no shell at all, or one so small that it would not 
generally be recognised as such ; and in a few the shell is com- 
posed of several pieces (‘multivalve”). In none, however, is 
the shell composed of two pieces or “bivalve.” The great 
majority of the Gasterofoda are further distinguished by the 
great development of the foot, which constitutes a broad flat- 
tened disc upon which they creep about, as may readily be 
observed in the common slugs. Some,-however, have the foot 
much modified and adapted for swimming. In many cases, 
also, the foot carries behind a horny or shelly plate which is 
known as the “operculum” (fig. 102, 0), and which serves to close 
the shell when the animal is withdrawn within it. 


Fig. 1o2.—Gasteropoda. <Asmpullaria canaliculata, one of the Apple-shells : 
o Operculum ; s Respiratory siphon. 


The head in most of the Gasterofoda, unlike the Bivalves, is 
very distinctly marked out, and carries two long feelers, and 
two eyes, often placed upon stalks (fig. 102). The mouth, also, 
differs from that of the Bivalves in being furnished with a 
singular apparatus of teeth, constituting what is known as the 
“ odontophore” (fig. 103), or “lingual ribbon.” This consists 
essentially of a number of silicious teeth, of different shapes in 
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different species, supported upon a kind of strap which can be 
made to work backwards and forwards over a cartilaginous 
cushion, thus acting like a chain-saw. In addition to the 
odontophore there are sometimes horny 
jaws as well. The mouth leads by a gullet 
into a distinct stomach, which sometimes 
is provided with calcareous plates for grind- 
ing down the food. The intestine is long, 
and always terminates in a distinct anal 
aperture. Distinct salivary glands are 
usually present, and the liver is well de- 
veloped. 

A distinct heart is almost always present, 
and consists of two chambers, an auricle 
and aventricle. Respiration is very vari- 

epee : Fig. 103.—Portion of the 
ously effected—one great division being Wesualepbuaee tte 
constructed to breathe air by means of common whelk, magni- 
water, whilst in another section the respir- fied (after Woodward). 
ation is aerial. In the former of these—often spoken of as the 
“branchiate” Gasteropods—respiration may be carried on in 
three ways. Firstly, there may be no special breathing organ, 
the blood being simply exposed to the action of the water, 
as it circulates through the thin walls of the mantle-cavity. 
Secondly, the breathing organs may be in the form of outward 
processes of the skin, exposed to view on the back or sides of 
the animal (fig. 105). Thirdly, the breathing organs are in the 
form of plume-like gills, contained in a more or less complete 
chamber, formed by a folding of the mantle (fig. 94, ¢). In many 
members of this group the water attains access to the gill-chamber 
by means of a tubular prolongation or folding of the mantle, form- 
ing a siphon (fig. 102, s), and often the effete water is expelled 
by another tube which is similarly constructed. In the second 
great section—often called the “pulmonate” Gasteropods—re- 
spiration is effected by a pulmonary chamber or lung, formed 
by a folding of a mantle, and having air admitted to it by a 
distinct aperture. 

The sexes in the Gasteropoda are mostly distinct, but they 
are sometimes united in the same individual. The young, 
when first hatched, are always provided with an embryonic 
shell, which may be entirely lost in the adult, or may simply 
become concealed by a fold of the mantle. In the water-_ 
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breathing forms the young is protected by a small nautilus- 
shaped shell, within which it can entirely withdraw. It is 
enabled to swim about freely by means of two ciliated lobes 
springing from the sides of the head, and in this stage it is 
very like the permanent adult condition of the Ptevopoda (fig. 
108). 

As regards the shell of the Gasteropoda, the following points 
may be noticed. The shell is composed either of a single piece 
(univalve), or of a number of plates placed one behind the 
other (multivalve). 

The univalve shell is to be looked upon as essentially a hollow 


Fig. 104.—Gasteropoda, a@ Shell of the Turrite la communis, showing a round 
mouth ; 4 Shell of the common whelk (Buccinum undatum), showing the mouth 
notched for a respiratory siphon. 


cone, the apex of which is placed a little on one side. In the 
simplest forms, as in the Limpets, the conical shell is retained 
throughout life without any alteration. In the great majority 
of cases, however, the cone is considerably elongated, so as to 
form a tube, which may retain this shape (as in the “tooth- 
shell”), but which is usually coiled up into a spiral. The 
“spiral univalve” may, in fact, be regarded as the typical form 
of the shell in the Gasteropoda (fig. 104). The coils of the 
spiral are termed the “whorls,” and are usually more or less 
amalgamated on one side. In most cases, too, the whorls are 
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wound obliquely round a central axis or pillar, increasing gra- 
dually in size to the mouth. The last whorl is the largest, and 
is termed the “ body-whorl.” The mouth of the shell in many 
forms is unbrokenly round or “entire” (fig. 104, a), and it is 
found that most of these shells subsist upon vegetable food, as, 
for instance, the common periwinkles. In others, again (fig. 104, 
6), the mouth of the shell is notched or is produced into a canal, 
as in the common whelk, and it is found that these live upon 
animal food, or are “carnivorous.” There may be more than 
one of these canals or tubes, but they do not necessarily indi- 
cate the nature of the food, as their function is to protect the 
respiratory siphons. 

The Gasteropoda are divided into a good many groups, of 
which the’ more important may be briefly noticed, the fore- 
going applying chiefly to the ordinary forms, which, therefore, 
need no further description, The remaining members of the 
water-breathing Gasteropods are divided into two sections, 
differing a good deal from the typical forms of the class in 
many respects, 

As examples of the first of these may be taken the sea-slugs 
and sea-lemons (Vudibranchiata), specimens of which may at 
any time be found creeping about on sea-weeds, or attached 
to the under surface of stones at low water. These slug-like 
animals (fig. 105) are wholly destitute of a shell when fully 
grown, but possess an embryonic 
shell when young. When there 
are any distinct respiratory or- 
gans, these are in the form of 
gills, placed, without any protec- 
tion, upon the back or sides of = 
the body. The head is furnished Fig. 105.— Nudibranchiata. Doris 
with tentacles, which do not ap- Yohnstont, one of the sea-lemons. 
pear to be used as organs of 
touch, but are more probably connected with the sense of 
smell ; and behind the tentacles are generally two eyes. The 
nervous system is extremely well developed, and would lead to 
the belief that the sea-slugs are amongst the highest of the 
Gasteropoda. Locomotion is effected, as in the true slugs, by 
creeping about on the flattened foot. 

The last remaining group of the “ branchiate”’ Gasteropods is 
that of the Heteropoda (fig. 106), comprising a number of curious 
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forms which are found swimming at the surface of the open 
sea, instead of creeping about at the bottom of the sea. In. 
order to adapt them for this mode of life, the foot, instead of 
forming a creeping disc, is modified to form a compressed fin . 
(f). The Heferopoda are to be regarded as the most highly 
organised of all the Gasteropodu, at the same time that they are 
not the most typical members of the class. Some of them can 
retire completely within their shells, but others have large 
bodies, and the shell is either small or entirely absent. In 
Carinaria, which may be taken asa good example of the group, 
there is a little limpet-shaped shell protecting the gills (4) and 
heart. The animal swims, back downwards, by means of a 
vertically-flattened ventral fin (/), on one side of which is a 


Fig. 106.—Heteropoda. Carinaria cymbium. '~ Proboscis and mouth; 
z Tentacles ; 6 Gills; s Shell;_/ Foot ; d Disc (after Woodward). 


little sucking disc (d), by which the animal can adhere at plea- 
sure to floating seaweed. Carizaria is found in the Mediter- 
ranean and other warm seas, and is so transparent that the 
course of the intestine can be seen along its whole length. 

The last group of the class is that of the “air-breathing” 
Gasteropods, so well known as land-snails, pond-snails, and 
slugs (fig. 107). All the members of this group are formed 
to breathe air directly, instead of through the medium of 
water, and they, therefore, never possess gills or branchie. 
In place of these they have a pulmonary chamber or lung, 
formed by a folding of the mantle, and having air admitted to 
it by a round hole on the right side of the neck, which can be 
opened and closed at will. Though thus adapted for breath- 
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ing air directly, many of the members of this group can only 
live in damp or moist places, while others habitually live in 
fresh water. The common pond-snails are examples of these 
last. The condition of the shell varies much. Some, such as 
the common land-snails, have a well-developed shell within 
which the animal can completely withdraw itself for protec- 


Fig. 107.--Limax Sowerbyi, one of-the slugs (after Woodward). 


tion. Others, such as the common slugs (fig. 107), have a 
rudimentary shell which is completely concealed within the 
mantle. Others are entirely destitute of a shell. They all 
agree with the typical Gasteropods in creeping about on a 
broad, flattened foot. 


CLASS III. PrEROPODA.—This class is a very small one, and 
includes a number of minute oceanzc Molluscs, which are found 
swimming near the surface in the open ocean, far from land, 
and often in enormous numbers. The organs of locomotion 
are two wing-like fins (fig. 108) attached to the sides of the head, 


Fig. 108.—Pteropoda. a@ Cleodora pyramidata: b Cuvieria columella. 
(After Woodward). 


and formed by a modification of a portion of the foot. The 
body is usually protected by a symmetrical glassy shell (fig. 108), 
consisting of two plates united along their edges, or in other 
cases forming a spiral. In some, however, there is no shell, 
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and the body is quite naked. The head is rudimentary, and 
bears the mouth, which is furnished with an odontophore. The 
heart consists of an auricle and ventricle, and the respiratory 
organs are extremely rudimentary. The sexes are united in the 
same individual in all the Pteropoda. 

The Pteropoda occur, as already said, in the open ocean, and 
they are found in all seas from the tropics to within the arctic 
circle, sometimes in such numbers as to discolour the water for 
many miles. Minute as they are, they constitute in high lati- 
tudes one of the staple articles of diet of the whale, and they 
themselves in turn are probably carnivorous, feeding upon small 
crustaceans and other diminutive creatures. Though all the 
living forms are small, geology leads us to believe that formerly 
there existed comparatively gigantic forms, which appear to be 
truly referable to this class. 
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CHAPTER XXII. 


CEPHALOPODA. 


CLass IV. CEPHALOPODA.—The last and highest class of the 
Mollusca is that of the Cephalopoda, comprising the Cuttle- 
fishes, Calamaries, Squids, and the Pearly Nautilus. They are 


all inhabitants of the sea, and are 
all carnivorous; and they are 
possessed of considerable powers 
of locomotion. At the bottom of 
the sea they can walk about, 
head downwards, by means of 
the arms (fig. 109) which surround 
the mouth, which are usually 
provided with numerous suckers, 
and which are really produced 
by a splitting up of the margins 
of the foot. It is from the pre- 
sence of these arms that the 
class derives its name (Gr, heph- 
ale, head ; and odes, feet). The 
Cuttle-fishes can also swim rap- 
idly, either by means of expan- 
sions of the skin constituting 
fins, or by the forcible expulsion 
of water from the cavity of the 
mantle, the reaction of which 
causes the animal to move in the 
opposite direction, The ma- 
jority of the living Cephalopods 


Fig. 109.—Sepiola Atlantica, one of 
the Cuttle-fishes (after Wood- 
ward). 


are naked, possessing only an internal skeleton, and this often 
a rudimentary one ; but the Argonaut (Paper Nautilus) and the 
Pearly Nautilus are protected by an external shell, though the 
nature of this is extremely different in the two forms, : 
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The body in the Cephalopoda is symmetrical, and is enclosed 
in an integument which may be regarded as a modification of 
the mantle of the other AZo//usca. Ordinarily there is a toler- 
ably distinct division of the body into an anterior portion, car- 
rying the head, and a posterior portion, in which the internal 
organs areenclosed. The head (fig. 109) is very distinct, bearing 
a pair of large globular eyes, and having the mouth in its centre. 
The mouth is surrounded by a circle of eight, ten, or more, long 
muscular processes, or arms, which are generally provided with 
rows of suckers. Each 
sucker consists of a cup- 
shaped cavity, the mus- 
cular fibres of which 
converge to the centre, 
where there is a little 
muscular eminence or 
papilla. When the 
sucker is applied to any 
surface, the contraction 
of the radiating muscu- 
lar fibres depresses the 
papilla so as to produce 
a vacuum below it, and 
in this way each sucker 
acts most efficiently as 
an adhesive organ. The 
whole of this complex 
mechanism of suckers is 
completely. under the 
control of the animal, 
and the irritability of the 
suckers is retained even 


for days after death. In 

Fig. tio.— Diagram of a Cuttle-fish (altered from most of the Cuttle-fishes 
Huxley). 2 Mandibles ; z Cerebral ganglia ; Oeipodavth 1 

7 Liver; Z Intestine ; o Ovary; g Gill ; zInk-bag; ( ctopo a) eee 


_ f Funnel; s Internal skeleton, or ‘‘cuttle- eight arms, and these 

bone.” are nearly similar to one 
another (fig. 111). In others, however (fig. 109), there are ten 
processes round the mouth, of which eight are like each other, 
and constitute the true arms, whilst two—called tentacles— 
are much longer than the others, and bear suckers only towards 
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their extremities, which are enlarged and club-shaped.” The 
Paper Nautilus (fig. 112) has two of the arms webbed at their 
extremities and secreting a shell; and the Pearly Nautilus, 
alone of all living Cephalopoda, has numerous arms, more than 
ten in number, and destitute of suckers. 

The mouth leads into a cavity containing two powerful horny 
or partially calcareous jaws or mandibles, working vertically, 
very like the beak of a bird (fig. 110, mz), together with an 
‘““odontophore” or “tongue,” the hinder part of which is fur- 
nished with recurved spines. This cavity leads by a gullet, 
furnished with salivary glands, into a stomach, from which an 
intestine is continued to terminate by a distinct anus, which 
opens on the ventral surface at the base of the so-called “ fun- 
nel.” The funnel is a muscular tube placed on the under sur- 
face of the head, and communicating on the one hand with the 
external medium, and on the other with the cavity of the mantle. 
In the Vautius alone it is simply formed of two muscular lobes, 
which are in apposition, but are not united together so as to 
form a tube. In many cases there is also a special gland, known 
as the “ink-bag” (fig. 110, z), for the secretion of an inky fluid, 
which the animal discharges into the water, so as to enable it to 
escape when menaced or pursued. The duct of the ink-bag opens 
at the base of the funnel near the anus, but the Pearly Nau- 
tilus and the allied fossil forms are without this means of defence, 
which the presence of an external shell renders unnecessary. 

The respiratory organs are in the form of plume-like gills, 
placed on the sides of the body in a branchial chamber, which 
opens in front on the under surface of the body. In almost all 
the living Cephalopoda there are only two gills, one on each side, 
and hence this section is known as that of the “Dzbranchiata.” 
In the Pearly Nautilus alone there are four gills, two on each 
side, hence the name of “ Te¢vabranchiata” applied to the order 
of which this is the only living representative. In the Cuttle- 
fishes, at the base of each gill is a special contractile Cavity, 
called a “branchial heart,” by which the venous blood, returned 
from the body, is driven through the gills. In addition to these 
branchial hearts there is a true arterial heart, by which the 
aerated blood received from the gills is driven through the 
body. The admission of water to the branchiz is effected by 
the expansicn of the mantle, which allows the entrance of the 
outer water into the mantle-cavity. The mantle then contracts, 
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and the water is forcibly expelled through the funnel, which is 
often furnished with a valve, allowing the passage of water out- 
wards, but preventing its entrance inwards. By a repetition of 
this process both respiration and locomotion are simultaneously 
effected, forthe jets of water expelled from the funnel by their 
reaction drive the animal in the opposite direction. In this case, 
therefore, as in many others, the more active the animal is, the 
more perfectly is the respiratory process carried on. 


Fig. 111.—1. Octopus carena (male), showing cyst in place of the third arm. 2. An 
individual, more developed, with the metamorphosed arm liberated from the cyst 
(a). (After Woodward.) ‘ 

The nervous system is formed upon essentially the same plan 
as in the other J/o//usca, but the cerebral ganglia are protected 
by a cartilage, which is to be regarded as a rudimentary skull. 
This structure, therefore, is a decided approach to the Vertebrate 


type of organisation. 
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The sexes in all the Cephalopoda are in different individuals, 
and the reproductive process in the Cuttle-fishes is attended with 
some singular phenomena. The most remarkable point in this 
connection is the modification of one of the arms of the male 
Cuttle-fishes, for the purpose of conveying the male element to 
the female. The details of the modification vary in different 
species of Cuttle-fish. Inthe species figured opposite (Octopus 
carena, fig. 111), the third right arm is at first developed in a little 
bladder or cyst. After a time the cyst ruptures, when the meta- 
morphosed arm is liberated, and then appears to be of much 
greater size than the corresponding arm on the left side, and to 
terminate in an oval plate (fig. 111, 2). This plate appears to 
have the function of transmitting the sperm-cells to the female, 
but the arm itself remains permanently attached to the animal. 

In the Paper Nautilus (Argonaut) the process goes still 
further. The female of this species (fig. 112) attains a consider- 
able size, and is protected by an external shell. The male is 
not more than an inch in length, is devoid of a shell, and has its 
third left arm metamorphosed. This arm is developed in a cyst, 
and is ultimately detached from the body, and deposited by 
the male within the mantle-cavity of the female. When first 
discovered in this position, it was described as a worm living 
parasitically on the Argonaut, under the name of “Hectocotylus” 
(Gr. hekaton, a hundred; kotulos, a cup), from the suckers or 
cups with which it was furnished. Subsequently it was described 
as the entire male Argonaut ; and it is only recently that it has 
been proved to be nothing more than one of the arms of the 
male, detached for the purpose of conveying the sperm-cells to 
the female. 

The shell of the Cephalopoda is sometimes external, some- 
times internal. The internal skeleton is seen in the various 
Cuttle-fishes, in which it is known as the “cuttle-bone” or 
“pen.” It may be-either horny or calcareous, and it is some- 
times complicated by the addition of a chambered portion. 
The only living Cephalopods which are provided with an ex- 
ternal shell are the Paper Nautilus (4~gonauta) and the Pearly 
Nautilus (Wautilus pompilius) ; but not only is the structure of 
the animal different in each of these, but the nature of the shell 
itself is entirely different. The shell of the Argonaut (fig. 112) 
is coiled into a spiral, but it is not divided into chambers, and 
it is secreted by the webbed extremities of two of the dorsal 
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arms of the female. These arms are bent backwards, so as to 
allow the animal to live in the shell; but there is no organic 
connection between the shell and the body of the animal. The 
shell of the Pearly Nautilus, on the other hand, is secreted by 
the mantle, and is organically connected to the animal. It is 
coiled into a spiral (fig. 113), but it differs from the shell of the 
Argonaut in being divided into a series of chambers by means 
of shelly partitions, which are connected together by a tube 
or “siphuncle,” the animal itself living in the last and largest 
chamber only of the shell. 

The Cephalopoda are divided into two extremely distinct and 
natural orders, termed respectively Dibranchiata and Tetra- 
branchiata, according as they have ¢wo or four gills or branchiz. 

The Débranchiata comprise the Cuttle-fishes, Squids, Cala- 
maries, and Paper Nautilus, and they are characterised by 


Big. 112.—Argonauta argo, the Paper Nautilus, female. The animal is repre- 
sented in its shell, but the webbed dorsal arms are separated from the shell 
which they secrete, and which they ordinarily embrace. 


being almost invariably destitute of any external shell; by 
never having more than eight or ten arms, which are always 


CEPHALOPODA. 211 


furnished with suckers; by having only two gills, which are 
provided with “branchial hearts ;” by the possession of an 
“ink-bag ;” and by the fact that the “funnel” forms a complete 
tube. They are divided into two sections—Octofoda and Deca- 
poda—according as they have only eight arms (fig. 111), or eight 
arms with two additional longer processes or “tentacles” (fig. 
109). Amongst the Octofoda are the Paper Nautilus and the 
Poulpes (Octopus), The Paper Nautilus is found in the warmer 
seas of various parts of the world, generally floating at the sur- 
face. The two sexes differ, as already said, greatly in external 
appearance. The female (fig. 112) inhabits a beautiful one- 
chambered shell, which is secreted by the webbed extremities 
of two of the dorsal arms. ‘The shell is not in any way attached 
to the body of the animal, but the webbed arms are turned, 
backwards, and the animal sits in the shell with the funnel 
turned towards the keel. It swims by the jets of water emitted 
from the funnel, and crawls upon the sea-bottom, head down- 
wards, carrying its shell on its back. The male Argonaut is 
only about an inch in length, has no shell, and has all its 
arms alike, except the one which is metamorphosed into the 
“hectocotylus.” The Poulpes (Octogz) are universally distri- 
buted in the seas of both temperate and tropical regions. 
They are the “polypi” of Homer and Aristotle, and are vora- 

cious animals inhabiting rocky shores. . 

The Decapoda are chiefly found in the open sea, often in 
enormous numbers, and the best known are the Calamaries and 
Squids. The body is elongated, and is always furnished with 
lateral fins, with which they swim actively. The shell is in- 
ternal, and differs considerably in different members of the 
group. To this section of the Dzbranchiata belong the singular 
fossil forms which are known to the geologist as Belemnites. 
These singular forms are known almost solely by their com- 
plicated internal skeleton, and they appear to have abounded in 
the seas of the Secondary period. 

The second order of the Cephalopoda—that of the Zetra- 
branchiata—comprises forms characterised by being creeping 
animals, protected by an external many-chambered shell, the 
partitions between the chambers being perforated for the pas- 
sage of a membranous or calcareous tube, termed the “si- 
phuncle.” The arms are more than ten in number, and are 
devoid of suckers ; the gills are four in number, two on each side 
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of the body ; the funnel does not form a complete tube ; and there 
is no ink-bag. 

Though abundantly represented by many and varied fossil 
forms, the only living member of the Zetrabranchiata with 
which we are acquainted is the Pearly Nautilus, which has long 
been known by its beautiful chambered shell. ‘The shell of the 
Pearly Nautilus (fig. 113) is coiled into a spiral, and is many- 
chambered, the chambers being walled off from one another 
by curved shelly partitions or septa, perforated centrally by 
a foramen which transmits a membranous tube or siphuncle. 
The animal inhabits only the last and largest chamber of the 


Fig. 113-—The Pearly Nautilus (Vautilus pompilius), a Mantle ; 
6 Its dorsal fold; ¢ Hood; o Eye; ¢ Tentacles ; J Funnel. 


shell, from which it can protrude its head at will. The function 
of the chambers of the shell is not very clearly understood ; 
but it appears to be that of reducing the specific gravity of the 
shell to near that of the surrounding water ; since they appear 
to be filled with some gas apparently secreted by the animal. 
Good authorities, however, believe that these chambers are 
filled with water. The siphuncle does not communicate in any 
way with the chambers of the shell, and its functions are also 
unknown, except that it must certainly serve to maintain the 
vitality of the shell. 


CEPHALOPODA. 213 


Of the fossil Zetrabranchiata the most important are the 
Orthocerata and the Ammonites. The Orthocerata (fig. 114) 
played a very important part in the seas of the Palaeozoic or 
Ancient-life period of the earth’s history, in which they appa- 
rently filled the place now taken by the predacious cuttle-fishes. 


Fig. 114.—Orthoceras explorator. 1. Side view of a fragment, showing the edges 
of the septa. 2, Transverse section of the same, showing the siphuncle (s). 


They agreed with the Vauzz/us in having a many-chambered 
shell, divided by curved partitions, perforated by a tube or 
siphuncle. The shell, however, differed from that of the Vaz- 
tilus in not being curved or coiled up, but in being straight. 
In other nearly allied forms the shell was bent or even partially 
coiled up, but never so completely as in the true Vautilus. 
Many of the Orthocerata were of small size, but some of them 
were colossal, shells having been found of six or seven feet in 
length, and as thick as the body of a man. 

The Ammonites, with a number of allied forms of varied 
shapes and beautiful structure, appear to have taken the place 
of the Vautilide, to a great extent, in the seas of the Secondary 
period; at which time, too, Dibranchiate Cephalopods first 
made their appearance. The true Ammonites resembled the 
Nautilus in having a many-chambered shell, which was coiled 
up into a spiral, but the position of the siphuncle was different, 
and the partitions or septa between the various chambers of the 
shell were wonderfully folded and lobed instead of being simply 
curved. The numerous beautiful shells allied to the Ammonites 
cannot be even mentioned here; but it is to be remembered 
that they are almost all characteristic of the Secondary period 
in geology, and that they are hardly known as occurring in the 
older period (Palzeozoic epoch). 
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TABULAR VIEW OF THE MAIN DIVISIONS OF THE MOLLUSCA. 


Division A, MOLLUSCOIDA.— Nervous system consisting of a 
single ganglion, or of a principal pair with accessory ganglia; no 
distinct organ of the circulation, or an imperfect heart. 

Crass I. Polyzoa.—Ex, Sea-mats (Flustra). 

Cuass Il. Zunitcata,—LEx. Sea-squirts (Ascidia), 

Crass III. Brachiopoda—Ex. Lamp-shells (Terebratula). 


Division B, MoLLusca PRopER.—Nervous system consisting of 
three principal pairs of ganglia ; heart well developed, composed of at 
least two chambers, 

Cuiass I, Lamellibranchiata.—Ex. Oyster (Ostrea), Mussel (Mytilus), 
Scallop (Pecten). 

Crass Il. Gasteropoda.—Ex, Whelks (Buccinum), Periwinkles (Lit- 
torina), Limpets (Patella), Sea-lemons (Doris), Land-snails (Helix). 

Cuass III. Preropoda.—x, Cleodora. 

Ciass IV. Cephalopoda. 

Order a. Dibranchiata—-Ex, Calamary (Loligo), Poulpe (Octopus), 


Paper Nautilus (Argonauta). 
Order 6. Tetrabranchiata.—Ex. Nautilus, Ammonites, Orthoceras. 


. 


VERTEBRATE ANIMALS. 


CHAPTER XXIII. 
GENERAL CHARACTERS OF THE VERTEBRATA. 


THE five sub-kingdoms which we have previously considered— 
viz., the Protozoa, Celenterata, Annuloida, Annulosa, and Mol- 
/usca—were grouped together by Lamarck into one great division 
which he termed the /zvertebraia. The remaining sub-kingdom, 
that of the Vertebrata, is so well-marked and compact a division, 
and its distinctive characters are so numerous and so important, 
that this mode of viewing the animal kingdom is, at any rate, 
a very convenient one, 

The sub-kingdom Vertebrata includes the five great classes 
of the Fishes (Pzsces), Amphibians, Reptiles, Birds (Aves), and 
Mammals ; and the name of the sub-kingdom is derived from 
the very general, though not universal, presence of the bony 
axis known as the “vertebral column” or backbone. One of 
the most fundamental of the distinctive characters of Vertebrate 
animals is to be found in the fact that the main masses of the 
nervous system (that is to say, the brain and spinal cord) are 
completely shut off from the general cavity of the;body. In 
all Invertebrate animals (fig. 115, A) the body may be regarded 
as a single tube, enclosing all the viscera; and consequently, 
when a distinct nervous system and alimentary canal are present, 
these are in no way shut off from one another. The transverse 
section, however, of any Vertebrate animal (fig. 115, B) shows 
two tubes, one of which contains the great nervous axis (z’) or 
brain and spinal cord, whilst the other contains the alimentary 
canal, the chief circulatory organs, and certain portions of the 
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nervous system (7) which are known to anatomists as the 
“sympathetic” system. Leaving the brain and spinal cord out 
of sight for a moment, we see that the lower or visceral tube of 
a Vertebrate animal contains the digestive canal (0), the haemal 
or blood-vascular system (c), and a system of nervous ganglia 
(7). Now this is exactly what is contained within the visceral 
cavity of any Invertebrate animal; and it follows from this that it 
is the “sympathetic” system of Vertebrate animals which is truly 
comparable with the nervous system of the Invertebrata. The 
brain and spinal cord, or “cerebro-spinal axis,” are to be looked 
upon as something not represented at all in the Invertebrata, 
Another peculiarity which is present in all the Vertebrata is, 
that at an early period of life there is developed in the lower 


Fig. 115.—Diagrams representing transverse sections of one of the higher Jnverte- 
brata, A—and one of the Vertebrata, B. a Wall of the body; 6 Alimentary 
canal; ¢ Hzmal or blood-vascular system; 2 Nervous system; 7’ Cerebro- 
spinal axis, or brain and spinal cord, enclosed in aseparate tube ; ci Notochord, 
or chorda dorsalis. 


wall of the tube which contains the cerebro-spinal axis, a singu- 
lar structure known as the “notochord,” or “ chorda dorsalis ” 
(fig. 115, B, ch), This is a semi-gelatinous rod, tapering at both 
ends, and extending along the floor of the cerebro-spinal tube. 
In some cases the notochord remains permanently in this con- 
dition, but in most cases it is replaced at maturity by the bony 
column or backbone, from which the Vertedrvata derive their 
name. ‘The general structure of the vertebral column will be 
described shortly, and it is sufficient to state here that it con- 
sists of a series of more or less completely bony segments or 
“vertebrae,” arranged so as to forma longitudinal axis upon 
which the spinal cord is supported. It is to be remembered, 
however, that all Vertebrate animals do not possess a vertebra 
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column. They all possess a notochord, but this may remain 
persistent throughout life, and in many cases the development 
of the spinal column is very imperfect. 

The skeleton of all Vertebrate animals is zz¢erna/, and the 
muscles are attached to its several parts. The value of this 
character is in no way affected by the fact that many Vertebrates, 
such as the Tortoises, Crocodiles, and others, possess an ex- 
ternal skeleton as well. The “més of Vertebrate animals are 
always articulated or jointed to the body, and they are always 
turned away from that side of the body (the “neural” side) 
upon which the great masses of the nervous system are placed. 
The limbs may be altogether wanting, or partially undeveloped, 
but there are never more than two pairs, and they always have 
an internal skeleton for the attachment of the muscles of the 
limb. 

A distinct blood-vascular or ‘‘heemal” system is present in 
all Vertebrates, and in all except one—the Lancelet—there 
is a single contractile cavity or heart, furnished with valvular 
openings. 

Lastly, the masticatory organs of all Vertebrates are modifica- 
tions of parts of the walls of the head, and are never modified 
limbs or hard structures developed in the mucous membrane of 
the digestive tube, as they are in the Invertebrates. 

The above are the leading characters which distinguish the 
Vertebrata as a whole, and before going on to consider the 
different classes, it may be as well to give a short and general 
sketch of the anatomy of the Vertebrates, commencing with their 
bony framework or skeleton. 

The skeleton of the Vertebrata may be regarded as consisting 
of the bones which go to form the trunk and head on the one 
hand, and of those which form the supports for the limbs on 
the other hand. ‘The bones of the trunk and head may be 
regarded as essentially composed of a series of bony rings or 
segments, arranged longitudinally. Anteriorly, these segments 
are much expanded and also much modified to form the bony 
case which encloses the brain and which is termed the cranzuim 
orskull. Behind the head, the segments enclose a much smaller 
cavity in which is contained the spinal cord, and they are arranged 
one behind the other, forming the “vertebral column.” The 
segments which form the vertebral column are called “ verte- 
bree,” and they have the following general structure. Each 
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vertebra (fig. 116, A) consists of a central portion known as the 
“body,” or “centrum” (c), placed immediately below the spinal 
cord, and giving origin to certain “processes.” The ends of the 
bodies of the vertebrze are all united together in different ways, 
so as to give the column great flexibility. From the back of 
the body of the vertebra proceed two bony arches which unite 
behind and thus form with the centrum a bony canal in which 
the spinal cord is contained. For this reason these arches (7) 
are called the “neural” arches. From the point where the 
neural arches unite—that is to say, from the back of the neural 
canal—proceeds a long process, sometimes cleft at its extremity, 


' Fig. 116.—A. Vertebra (lumbar) of the whale: ¢ Centrum or body; z Neural 
arches ; sSpinous process ; a Articular process ; d Transverse processes. B. 
Thoracic segments or vertebra: ¢ Centrum of vertebra; 2 Neural arches, 
enclosing the canal for the spinal cord; s Spinous process; ~ Ribs; » Costal 
cartilages ;  Breastbone, or sternum. (After Owen.) 


termed the “spinous process” (s). Springing also from each 
neural arch is a second shorter process (a) termed the “ articular 
process,” since by means of these, as well as by the bodies, the 
vertebree are jointed or “articulated” together. Also arising 
from the neural arches at their junction with the body of the 
vertebra, there may be two lateral processes (@) which are called 
“transverse processes.” This is the ordinary structure of the 
vertebra of a Mammal, and the names here used are those 
applied to the parts of the vertebra in human anatomy. In 
philosophical anatomy, however, these parts have proper tech- 
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nical names which can be employed for them in all animals 
alike. The nature of this work, however, will not allow of the 
introduction of these here. 

In the typical vertebra the segment is completed by a second 
arch, which is placed in front of or beneath the body of the ver- 
tebra, and which is known as the “ hamal” arch, as it includes 
and protects the principal organs of the blood-circulation (fig. 
116, B). This second arch is often only recognisable with great 
difficulty, as its parts are generally much modified ; but a good 
example may be obtained in the human chest. Here, attached 


Fig. 117.—Skeleton of the Beaver (Castor filer), showing the regions of the verte- 
bral column. c¢ Cervical region, or region of the neck; d@ Dorsal region, or 
region of the back; 4 Lumbar region, or region of the loins; s» Sacrum; 
t Caudal region, or region of the tail. 


to the front of the vertebra, we find a series of bony arches, 
known as the ribs (7), followed by a series of cartilaginous pieces 
of a similar shape, termed the “ costal cartilages” (4), the whole 
united in front by a central bone, known as the breastbone or 
“ sternum” (6). 
As a general rule, amongst the higher Vertebrates, the follow- 
ing vegions may be recognised in the vertebral column : Firstly, 
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the cervical region (fig. 117, c), comprising a variable number of 
vertebree, which constitute the neck, and immediately follow 
the head. Secondly, the cervical region is succeeded by a 
variable number of vertebrae which usually carry ribs, and are 
known as the dorsal vertebre (d), or vertebrae of the back. 
Thirdly, come certain vertebree which constitute the /wmbar 
region (4), or the region of the loins. Fourthly, there usually 
follows a series of vertebrae which are 
immovably united together to form a 
single bone, which is termed the sacrum 
(s). Lastly, there comes avariable series 
of vertebrze which are usually free and 
movable upon one another, and which 
constitute the caudal region, or the 
region of the tail (Z). 

The nature of the bones which enter 
into the composition of the limbs varies 
somewhat in different Vertebrates in 
accordance with their mode of life; 
but in all the higher members of the 
sub-kingdom the limbs are built upon 
a general and easily recognisable type. 
The fore-limb consists generally of the 
following parts: 1. A series of bones 
uniting the limb to the trunk, the two 
most important being the shoulder- 
blade (scafula) and the collar-bone 
(clavicle) (fig. 118, sandc). 2. The bone 
which forms the upper portion of the 
limb proper, and which is known as the 
humerus (h). 3. Two bones which form 

the lower portion of the limb (e.g., the 
Wig. 118.—Fore-limb of the +. arm in man), and which are known 
Chimpanzee. c Collar-bone, ; 
or clavicle:sShoulder-blade, aS the radius and ulna (r and x), of 
or scapula; % Bone of the which the former is the bone mainly 
pte iic teas 7 concerned in carrying the hand or fore- 
the wrist, or carpus; 7 Bones foot. 4. A number of small bones, which 
of the root of the hand, or form the wrist, and are termed the 
( ee ofthe carpus (a). 5. The cylindrical bones 

(usually five in number) which form 
‘the root of the hand, and are known as the metacarpus (m). 
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6. The bones which form the fingers proper, and which are 
known as the phalanges (Pp). 

Essentially the same parts can be traced in the hind-limb of a 
typical Vertebrate animal, but they are known by different names. 
The bones which unite the limb to the trunk are usually more 
or less completely united together, constituting a single mass, 
known as the zznominate bone (fig. 119, 7). This is followed 
by a long cylindrical bone, which forms the upper portion of the 
hind-limb, and is known as the “ thigh- 
bone,” or femur (f). Following this are 
the two bones of the shank, correspond- 
ing to the vadius and ulna of the fore- 
limb, and known as the “dza and fibula 
(¢ and s). Of these, the zdéa (¢) corre- 
sponds to the vadzus, and is mainly con- 
cerned in carrying the foot. Next comes 
a series of small bones, which form the 
ankle, and are known as the éarsus (r). 
This is succeeded by a series of cylin- 
drical bones (usually five in number), 
which form the root of the foot, and 
which are termed the metatarsus (m). 
Finally, the metatarsus is succeeded by the 
bones of the toes, which in this case are 
again termed 'the phalanges (~). In both 
limbs the usual number of phalanges to 
each toe or “ digit” is three. 

The digestive system of the Vertebrata 
does not require a lengthened notice. The 
mouth is usually furnished with éee¢h, which 
have for their chief function the reduction 
of the food to a condition in which it can _ tL 
be digested. In some animals, however, os Reciabaneag sare 
such as the snakes, the teeth are only nate bone; /'Thigh-bone, 
used to hold the prey, and not for masti- or femur; # Tibia; s 
cation ; and in others, such as the turtles et ek NESE i 
and birds, the jaws are not furnished with tarsus: p Phalanges. 
any teeth at all. The food is also usually 
subjected in the mouth to the action of a special fluid—the 
saliva—which acts chemically as well as mechanically upon 
the food, and which is secreted by special glands, known as the 
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“salivary glands.” From the mouth the food passes through a 
muscular tube—the gullet, or wsofhagus (fig. 120, g)—to the 
proper digestive cavity, or stomach (s). Here it is subjected to 
the action of a special digestive fluid—the “ gastric juice”—and 
is converted into a thick pasty 
7 fluid, which is called chyme. From 
the stomach the chyme passes into 
a long convoluted muscular tube, 
which is called the “small intes- 
tine” (sw). Here it is subjected 
to the action of two other digestive 
fluids, called the “bile” and “pan- 
creatic juice,” as well as to the 
fluids secreted by the intestine it- 
self. The bile is secreted by a 
large gland, which is known as 
the “liver,” whilst the pancreatic 
juice is produced by another, 
termed the “pancreas,” both pour- 
ing their secretion into the upper 
part of the small intestine. By the 
combined action of these digestive 
fluids the chyme is ultimately con- 
verted into a milky fluid, which is 
called chyle, when it is fit to be 
taken up into the blood-vessels. 
The small intestine finally opens 
: re into a tube of larger diameter 
Fig, 120.— Digestive system of a . Y : ’ 
Mammal. ¢Gullet, orcesophagus; Which is called the “large intes- 
s Stomach; sv Small intestine; tine” (lm), and this opens on the 
ine Large intestine ; x Large in- surface of the body by an anal 
testine terminating in its final por- . . 
odbeaied the Grectum?! aperture. In the large intestine 
the last remaining portions of the 
food which can be rendered useful are absorbed into the blood, 
the indigestible portions: being ultimately got rid of as useless. 
The fluid products of digestion (chy/e) are chiefly absorbed from 
the intestinal canal by a set of special vessels, which are present 
in all Vertebrates, and which are called the /actea/s, from the 
milky fluid they contain. These lacteals combine to form a 
large trunk, by which their contents are ultimately added to 
the circulating blood. Part of the products of digestion are 
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absorbed by the veins which ramify on the intestinal canal, and 
which ultimately unite to form a great vessel, called the “ vena 
porte,” which goes to the liver. The materials, however, which 
are taken up in this way also ultimately reach the circulating 
blood. In this way, therefore, fresh matter is being constantly 
added to the blood to replace the waste caused by the perform- 
ance of the vital functions. 

The blood is thus formed out $e the materials which are 
taken into the alimentary canal as food ; and in all the Verte- 
brata (with one exception) it is of a red colour, when viewed in 
mass, ‘This is due to the presence in it of numerous microsco- 
pical particles, which are known as the “ blood-corpuscles,” the 
fluid itself being colourless. In fig. 121 are represented some 
of the forms of blood-corpuscles which are found in different 
divisions of the Vertebrata. 


Fig. 121.—Blood-corpuscles, magnified. a Man; & Goose; ¢ Crocodile ; 
@ Frog; e Skate. 


The blood is always distributed through the body by means 
of a system of closed tubes, which constitute the “ blood-vessels,” 
and with the single exception of the Lancelet, it is always pro- 
pelled by means of a contractile muscular cavity or “ heart.” 
The heart and other circulatory arrangements differ consider- 
ably in different classes of the Vertebrata, but these differences 
will be best considered at a later period. esfzrazion in all the 
Vertebrata is effected by means*of distinct breathing organs, 
assisted in many cases by the skin. In the water-breathing 
Vertebrates, such as fishes, the respiratory organs are in the 
form of gz//s or branchize, which are richly supplied with blood, 
and are exposed to the influence of water holding oxygen in 
solution. In the air-breathing Vertebrates, the breathing organs 
are in the form of Zuxgs, These essentially consist of cellular | 
or spongy organs, placed in the cavity of the chest, richly fur- 
nished with blood-vessels, and receiving constant supplies of 
fresh air by means of a tube which opens in the throat and is 
known as the “ wind-pipe,” or ¢rachea. Inthe higher Vertebrates 
the heart becomes a double organ, one side being concerned 
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wholly with driving the impure (vexous) blood to the lungs, 
whilst the other side propels the pure oxygenated (arteria/) 
blood to all parts of the body. 

The waste substances of the body—of which the most impor- 
tant are water, carbonic acid, and the peculiar substance called 
wrea—are got rid of by the skin and lungs, but principally by 
two glands which are called the #zdueys. The excretion of urea 
from the body, as a general rule, is wholly effected by means of 
the kidneys alone; and this is their most important function, 
as the retention of this substance within the body rapidly causes 
death. ‘The secretion of the kidneys is sometimes got rid of by 
means of special canals appropriated to this alone; but in the 
lower Vertebrata it is discharged into the hinder extremity of 
the alimentary canal, and is evacuated along with the undigested 
portions of the food. 

The zervous system varies greatly in its development in the 
Vertebrata. In the little fish called the Lancelet, the main 
mass of the nervous system consists of a cord of nervous matter, 
representing the spinal marrow, but not having in front any 
enlargement which represents the brain. In all the other Ver- 
tebvata the central masses of the nervous system (termed the 
cerebro-spinal axis) consist of a nervous cord (the spinal cord) 
contained in the canal formed by the ewza/ arches of the verte- 
bree, and of an anterior mass of nervous matter; which is pro- 
tected by the skull, and is termed the “cerebrum,” or dvazz. The 
size and development, however, of the brain vary enormously in 
ditferent Vertebrates ; and in the lower forms the brain is little 
more than an aggregation or collection of nervous masses or 
“ganglia,” which are connected with the special senses, sight, 
hearing, taste, and smell, spectal organs for which are present 
in almost all the Vertebrata. 

Reproduction in the Vertebrata is always truly sexual, the 
sexes are always in different individuals, and in no case are 
compound organisms produced by a process of budding or fis- 
sion. Most are ovifarous, producing eggs from which the young 
are developed. Some retain the eggs within the body till the 
young are ready to be hatched, and these are sometimes said to 
be ovo-vivifarous. ‘The higher Vertebrates, however, bring 
forth their young alive, and are said to be viviparous (Latin, 
vevus, living ; and fare, | bring forth). 

PRIMARY DIVISIONS OF THE VERTEBRATA.—The Vertebrata 


* 
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are variously divided into great primary sections by different 
writers, and all of these divisions have more or less merit. 
Here, however, the classification proposed by Professor Huxley 
will be followed, and it is not necessary to enter into any consi- 
deration of the others. It has also been thought advisable to 
give in this place a brief account of the leading characters which 
separate these divisions from one another, though it is not to be 
expected that the learner will be able to appreciate the full 
value of these characters till he has completed his study of the 
Vertebrata as a whole. 

The Vertebrata are divided by Professor Huxley into the fol- 
lowing great divisions :— 


I. ICHTHYOPSIDA (Gr. zchthus, a fish; and ofsis, appearance). 
—In this section are included the fishes (Class Pisces), and the 
frogs, newts, and their allies (Class Amphibia). They are all 
characterised by the fact that they possess gills or branchie, 
either throughout life or during the earlier stages of their exist- 
ence; that they possess nucleated red blood-corpuscles (2.2., 
blood-corpuscles with a central particle or zucleus, fig. 121 sy CN, 
and by certain embryonic characters as well. From the tem- 
porary or permanent possession of gills, they are often spoken 
of as the Branchiate Vertebrates. 


II. SAUROPSIDA (Gr. saura, a lizard ; and ofsis, appearance). 
—In this division are the birds (Class Aves), and the true rep- 
tiles (Class Repti/ia). They are characterised by the fact, that 
at no time of their life are they ever provided with gills ; that 
the skull is jointed to the vertebral column by a single articulat- 
ing surface (or condyle); that the lower jaw is composed of 
several pieces, and is united to the skull by means of a special 
bone (called the os guadratum; that they possess nucleated 
red blood-corpuscles (fig. 121, 4, c), and by certain embryonic 
characters as well.* 


III, MAMMALIA (Lat. mamma, the breast).—In this division” 
are all the ordinary quadrupeds ; characterised by the constant 


Recent»researches have led to the belief that the appearance of nuclei in the red 
blood-corpuscles of the Oviparous Vertebrates is due to changes taking place after 
death, and that these structures are not present during life, 


P 
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absence of gills; by the skull being jointed to the vertebral 
column by two articulating surfaces (or condyles) ; by the fact 
that the lower jaw is composed of only two pieces, and is not 
united to the skull by means of a special bone (the guadrate 
bone) ; by having non-nucleated red blood-corpuscles (fig. 121, 
a); and by having special glands—the mammary glands— 
which secrete a special fluid—the milk—by which the young are 
nourished for a longer or shorter period after birth. 

These three primary divisions comprise the five great classes 
into which the Vertebrata are divided :— 
. Pisces (Fishes). 
. Amphibia (Frogs, Newts, &c.) 
. Leptilia (True Reptiles). 
. Aves (Birds), 
. Mammalia. 
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iCcCHTAY OPSTa. 


CHAPTER XXIV. 
CLASS I. PISCES. 


THE fishes form the lowest class of the Vertebrata, and they 
may be broadly defined as being Vertebrate animals Jrovided 
with gills, whereby they are enabled to breathe air dissolved 
in water ; the heart, when present, consists of a single auricle 
and ventricle (with the exception of the mud-fishes); and the 
limbs, when present, are zz the form of fins, or expansions of 
the integument. 

In their external form, fishes are in most cases adapted for 
rapid locomotion in water, the shape of the body being such as 
to cause the least possible friction in swimming. To this end, 
as well as for purposes of defence, the body is generally en- 
veloped in a species of chain-mail formed by overlapping scales, 

to which bony plates, tubercles, and spines are sometimes 
' added. Valuable characters can sometimes be drawn from the 
nature of the scales, and with a view to this the integumentary 
appendages of fishes have been divided by Agassiz as follows 
(fig. 122) = 

1. Cycloid scales (a), consisting of thin, flexible, horny scales, 
which are circular or elliptical in shape, and have a smooth 
outline. These scales occur in most of our common fishes (¢.¢., 
the pike). 

2. Ctenoid scales (0). These resemble the cycloid scales in 
being thin, flexible, horny scales, but they are distinguished by 
having their hinder margins cut into comb-like projections, 
or fringed with spines. The common perch supplies a good 
example of these scales. 

3. Placoid scales (c). These are detached bony grains, 
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tubercles, or plates, scattered through the skin, and sometimes 
armed with projecting spines, 

4. Ganotd scales (d@), composed of a layer of true bone, covered 
by a layer of hard polished enamel. 
These scales are usually much 
thicker and larger than the ordi- 
nary scales ; they are often oblong 
or rhomboidal in shape; they are 
often connected together by little 
processes ; and they generally are 
in contact by their edges, but rarely 
overlap one another. In most 
fishes there is also to be observed 
a line of peculiar scales, forming 
what is called the “lateral line.” 
Each of the scales of this line is 
perforated by a minute tube, which 
leads into a longitudinal canal, 
Fig. 122.—Scales of different Fishes. believed to secrete the mucus with 

@ Cycloid scale (Pike); 4 Ctenoid : 

scale (Perch); c Placoid scale Which the general surface is lu- 

(Thornback) ; @ Ganoid scale bricated, or to have some sensory 

(Paleoniscus). function. 

As regards the true internal skeleton, fishes differ very widely 
from one another, but the skeleton is so complicated that only a 
few of the most important points can be mentioned here. In 
one fish—the Lancelet—there can hardly be said to be any true 
skeleton, the vertebral column being represented permanently 
by the semi-gelatinous notochord (fig. 127). In others, such as 
the Lampreys, Sturgeons, and Rays, the skeleton remains per- 
manently in the condition of gristle (cartilage); in others, it is 
partially cartilaginous and partially ossified ; and, lastly, in 
most modern fishes it is completely converted into bone. The 
vertebral column in a bony fish consists of a number of vertebrze 
which are hollow or cup-shaped at: both ends (biconcave or 
“amphiccelous”), the cup-like margins being united together by 
ligaments. The cavities formed by the apposition of the ver- 
tebre are filled with the gelatinous remains of the notochord. 
This gelatinous elastic substance acts as a ball-and-socket joint 
between the vertebrze, thus giving the whole spine the extreme 
flexibility which is essential to animals living in a watery me- 
dium, The entire spinal column is divisible into no more than 
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two distinct regions, an abdominal and a caudal. The abdo- 
minal vertebrae possess a superior or zeural arch, for the pas- 
sage of the spinal cord, a superior spinous process, and two 
transverse processes to which the ribs are attached. The caudal 
vertebrze have no marked transverse processes ; but, in addition 
to the other parts already mentioned, they give off an inferior 
or hemal arch, below the body of the vertebra, and they carry 
inferior spinous processes (fig. 123, 4). The rvzbs are attached 
to the transverse processes or to the bodies of the abdominal 
vertebree (fig. 123, 7) ; and they do not enclose any thoracic cavity, 
or protect the organs which are usually contained in the chest 
—namely, the heart and breathing-organs. The anterior or 
lower ends of the ribs of fishes are free, or are rarely united to 
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Fig. 123.—Skeleton of the common Perch (Perca fluviatilis). p Pectoral fin ; 
vy One of the ventral fins; @ Anal fin, supported upon interspinous bones (2) ; 
¢ Caudal fin; d First dorsal fin; a’ Second dorsal fin, both supported upon inter- 
spinous bones; zz Interspinous bones ; ~ Ribs ; s Spinous processes of vertebre ; 
A Heemal processes of vertebre. 


hard productions of the integument; but there is never any 
breastbone or szermum properly so called. 

The only remaining bones of the trunk proper are the so- 
called “interspinous bones” (fig. 123, 2 2). These area series 
of pointed dagger-like bones, embedded in the middle line of 
the body, between the great lateral muscles which form the 
greater part of the body of a fish. The inner ends or points of 
the interspinous bones are attached by ligament to the spinous 
processes of the vertebrae, and at their outer ends they support 
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the framework (rays) of the so-called “median” fins. Asa rule 
there is only one interspinous bone to each vertebra, but in the 
flat fishes (sole, turbot, &c.) there are two. The limbs of fishes 
may be wholly wanting, or one pair may be absent, but in no 
case is the number greater than the regular vertebrate type— 
namely, two pairs. When developed, however, the limbs of 
fishes are very different from those of other Vertebrates, con- 
sisting of expansions of the integument, furnished with bony or 
gristly supports or rays, and thus constituting what are called 
“fins” (fig. 124). The pair of limbs which correspond to the 
arms of man and to the fore-limbs of other Vertebrates are termed 
the Zectoral fins, and they are attached to a bony arch which is 
attached either to the back of the skull or to the spinal column 
(fig. 123, g, and 124, ). The hind-limbs in fishes are known 


Fig. 124-—Outline of a Fish (Perca granulata), showing the “paired” and 
‘‘median” fins. Pectoral fin; w Ventral. fin; @ First dorsal fin; ad Second 
dorsal fin ; ¢ Caudal fin ; @ Anal fin. 


as the ‘ventral fins (figs. 123, 124, v), and are not only often 
wanting altogether, but when present are less developed than 
the pectorals and less fixed in their position. They are united 
to an imperfect bony arch, which represents the innominate 
bones, or pelvic arch, of the higher Vertebrates, but which is 
never joined to the spinal column. In some fishes the ventral 
fins are placed far back, and in these the bony arch which sup- 
ports them is freely suspended in the muscles. In others the 
ventral fins are aitogether out of position, and are placed be- 
neath or even in front of the pectoral fins; and in these cases 
the pelvic arch is attached to part of the pectoral arch. The 
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pectoral and ventral fins represent, as just said, the fore and 
hind limbs, and consequently there are always fwo of each, 
when they are present at all. They are, therefore, spoken of as 
the “paired” fins. Besides these, however, or in the absence 
of one or other of these, there is also a series of what are called 
‘““median” fins; that is to say, fins which are placed in the 
middle line of the body, and which are unpaired, having no 
fellows. ‘These median fins agree with the paired fins in being 
expansions of the integument, supported by bony or gristly 
supports or “rays,” and they are carried by the heads of the 
“interspinous ” bones, already described (fig. 123,72). Theyare 
variable in number, and in some cases there is only a single 
fringe running round the hinder extremity of the body. Com- 
monly, however, the median fins consist of one or two expan- 
sions of the dorsal integument, called the “ dorsal” fins (fig. 123, 
d ad’); one or two on the ventral or lower surface near the vent, 
called the “‘ anal” fins (2); and a broad fin at the extremity of 
the vertebral column, constituting the “caudal” fin or tail (¢). 

The tail in all fishes is placed vertically —that is to say, 
it strikes the water laterally or - 
from side to side, and it is the 
chief organ of progression in the 
fish, Two very distinct types of 
tail are found amongst the fishes. 
In one of these, found in most 
living forms, the tail is composed 
of two nearly equal lobes which 
spring from the end of the spine 
(fig. 125, a). This form of tail is 
said to be “homocercal.” In 
the other type of tail, found in 
the dog-fishes, sharks, and other 
living fishes, as well as in many 
extinct forms, the tail is un- 
equally lobed, and is said to be Te jes Tal of diirnt Fibes 

heterocercal” (fig. 125, 0). In Heterocercal tail (Sturgeon). 
these forms the vertebral column 
is prolonged into the upper lobe of the tail, and the greater 
portion of the tail is found below the spine. 

In both the paired and the median fins the integument is 
supported by a series of spine-like bones, which are called 
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“rays.” These rays are sometimes simple undivided rays or 
spines, when they are called “spinous rays” (123, @); but in 
other cases they are both divided by transverse joints, and split 
up into numerous longitudinal branches towards their extremi- 
ties, when they are spoken of as “soft rays” (123, @’). The 
soft rays occur in many fishes in different fins, but they are 
invariably present in the caudal fin or tail. 

As regards the digestive system in fishes, the mouth is usually 
furnished with a complicated system of teeth, developed not 
only upon the jaws, but upon any or every bone which enters 
into the composition of the oral cavity. The gullet opens into 
a stomach, usually of large size, and its hinder aperture (the 
Pylorus) is usually furnished with a valve. Immediately be- 
hind the pyloric opening of the stomach there are usually a 
variable number of blind tubes (called the “ pyloric czca”) 
which open into the intestine, and which are believed to repre- 
sent the pancreas. In some fishes, however, there is a well- 
developed pancreas, and in others even these tubes are wanting. 
The intestinal canal is a longer or shorter, more or less con- 
voluted tube, and its absorbing surface is sometimes largely 
increased by a spiral folding of the mucous membrane, which 
winds like a screw in close turns from the pylorus to the anus. 
The liver is usually of large size, and saturated with oil, but in 
the Lancelet it is doubtfully represented by a hollow sac-like 
organ. The kidneys in fishes are of great comparative size, 
forming two elongated organs, situated beneath the spine, and 
extending along the whole length of the abdomen. 

Respiration in all fishes is aquatic, and is effected by means 
of gills or dvanchia, in all except the Lancelet, in which respira- 
tion is effected by branchial filaments placed round the pharynx, 
and also by a greatly developed pharynx perforated by ciliated 
apertures (fig. 127). The arrangement and structure of the gills 
in fishes vary a good deal in different orders, and the leading 
modifications will be noticed hereafter, In the meanwhile it 
will be sufficient to give a short description of the branchial 
apparatus in one of the bony fishes. In such a fish the gills 
consist of a single or double series of flat cartilaginous leaflets, 
covered by mucous membrane, richly supplied with blood, and 
arranged on bony or cartilaginous arches which are connected 
with the tongue-bone (Ayo/d bone) below and with the under 
surface of the head above. The branchial arches and branchize 
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are suspended in cavities placed on the side of the neck, and in 
the ordinary bony fishes there is only one such cavity on each 
side. The water is taken in at the mouth by a process analo- 
gous to swallowing, and it gains admission to the branchial 
chamber by means of a series of clefts or slits which perforate the 
sides of the pharynx. Having passed over the gills and lost its 
oxygen, the effete water makes its escape behind by an aperture 
called the “ gill-slit,” which is placed on the side of the neck. 
The opening of the gill-slit is 
closed in front by a chain of flat 
bones which constitute the “ gill- 
cover,” and by a membrane which 
is supported upon a variable 
number of slender bony spines. 
This is the general mechanism of 
respiration in one of the bony 
fishes, but different arrangements 
are found in other cases, which 
will be subsequently noticed. 

The eart in fishes may be re- 
garded as essentially a branchial 
or respiratory heart, being con- 
cerned chiefly with driving the 
venous and impure blood to the 
gills. It consists in almost all 
cases of two cavities, an auricle 
and a ventricle (fig. 126). The 
auricle (a) receives the venous 
blood which has passed through 
all the various parts of the body, 
and propels it into the ventricle = 
(v). From the ventricle proceeds Fig. 126.—Diagram of the Circulationin 
a single great vessel (the “ bran- a Fish. The arterial system is repre- 

: ‘ sented black, the venous system is 
chial artery”), the base of which left light. @ Auricle, receiving the 
is usually developed into a mus- ahi aha ecco pau ne 
cular aging? the “bulbus ACC chial ee Le ears one 
riosus” (7), which acts as a kind blood to the gills (4); ¢ Great sys- 
of additional ventricle. By the ‘mic vessel, carrying the pure blood 

: <7 to the tissues. 
ventricle and Jdulbus arteriosus . 
the venous blood is driven to the gills, where it is subjected to 
the action of the water. The aerated blood is not returned to the 
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heart, but is driven from the gills through all parts of the 
body, the propulsive force necessary for this being derived 
partly from the heart, and partly from the contractions of the 
muscles between which the blood-vessels pass. The essential - 
peculiarity of the circulation of fishes consists in this, that the 
arterialised blood returned from the gills is propelled through 
the general vessels of the body (systemic vessels) without being 
sent back to the heart. In the Lancelet, alone of all fishes, 
there is no single heart, and the circulation is effected by means 
of contractile dilatations situated upon several of the vessels. 
Inthe Mud-fishes (Zepzdoszven) the heart consists of two auricles 
and a ventricle. In all cases the blood is! cold, or, in other 
words, has a temperature very little, or not at all, higher than 
that of the surrounding medium. The blood-corpuscles (fig. 
121, ¢) are always nucleated, and, except in the Lancelet, are 

all mostly red. . 

Whilst the respiration of all fishes is truly aquatic, most are, 
nevertheless, furnished with an organ which doubtless corre- 
sponds to (or is homologous with) the lungs of the higher Vertfe- 
évata. This is known as the “air” or ‘ swim bladder,” and is 
a sac filled with gas and situated between the alimentary canal 
and the kidneys. In most cases the sac contains only a single 
cavity, but in many instances it is variously divided by parti- 
tions. In most fresh-water fishes the gases in the swim-bladder 
are mainly composed of nitrogen, but in the sea-fishes it is 
chiefly filled with oxygen. The sac of the swim-bladder is 
often closed, but in other cases it opens into the gullet by means 
of a duct which corresponds to the windpipe. In the great 
majority of fishes the functions of the air-bladder are mainly 
hydrostatic—that is to say, it serves to maintain the necessary 
agreement between the specific gravity of the fish and that of 
the surrounding water. In the singular Mud-fishes (Lepzdo- 
stvyen), the air-bladder is composed of two distinct sacs, divided 
into a number of cellular compartments, and opening into the 
gullet by a tube. In this fish it acts as a respiratory organ, and 
_is therefore, not only in structure but also in function, the repre- 
sentative of the lungs of the other Vertebrates. 

The nervous system of fishes is of an inferior type of organisa- 
tion, the brain being of comparatively small size, and consisting 
of a collection of ganglia. As regards the organs of the senses, 
two peculiarities deserve notice. In the first place, though 
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fishes possess the essential parts of the organ of hearing, they 
possess no external ears, and in no case is there any direct com- 
munication between the ear and the outer world. In the second 
place, the organs of smell consist of a double cavity lined by a 
mucous membrane folded into numerous plaits, into which water 
is admitted, usually by two distinct apertures or nostrils. Be- 
hind, however, the nasal sacs are closed, and they do not com- 
municate by any aperture with the throat, as they do in all the 
higher Vertebrates. The only exceptions to this rule are the 
Hag-fishes and their allies ((/7yxinozds), and the Mud-fishes 
(Lepidosiren). 

As regards their reproductive system, keer fishes are truly 
oviparous, and the ovaries are familiarly known as the “ roe.” 
Some fishes are ovo-viviparous, retaining their eggs within the 
body till the young are hatched. The male organs of reproduc- 
tion are commonly spoken of as the “milt” or “soft roe.” 
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ad Ro XV. 
ORDERS OF FISHES. 


THE number of different kinds of fishes is so enormous that 
nothing further will be attempted than merely to give an outline 
of the leading peculiarities which distinguish the different orders. 
The classification here adopted is the one proposed by Professor 
Huxley, who divides the class Pzsces into the following six 
orders :— | 
. Pharyngobranchiz. 

. Marsipobranchiz. 

. Leleostet. 

- Ganoidet, 

. Elasmobranchit. 

. Dipnot. 


Au BRwWN 


ORDER I. PHARYNGOBRANCHII (Gr. Dharynx, the upper part 
of the gullet ; and dvagchza, gills).—This order of fishes includes 
only a single animal, the anomalous Amphioxus, or Lancelet, 
the organisation of which differs in almost all its important 
points from that of all the other members of the class. In fact, 
the Lancelet presents us with the lowest type of organisation as 
yet known in the Vertebrata. ‘The Lancelet is an extraordinary 
little fish, from one and a half to two inches long, which bur- 
rows in sand-banks in various seas, but is especially abundant 
in the Mediterranean. The body is lanceolate in shape, and is 
provided with a narrow membranous border, of the nature of a 
median fin, which runs along the whole of the dorsal and a por- 
tion of the ventral surface, and expands at the tail to forma 
lancet-shaped caudal fin. :There are no true “paired” fins, 
representing the fore and hind limbs. The mouth is a longi- 
tudinal fissure, placed at the front of the head, and completely 
destitute of jaws, but surrounded by a number of cartilaginous 
filaments, The throat is provided with several leaf-like fila- 
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ments which are richly supplied with blood, and are believed 
to discharge in part the function of gills. The mouth (fig. 127, 
m) opens into a dilated chamber, which is believed to represent 
the pharynx, and is termed the pharyngeal or “ branchial” sac. 
The walls of this chamber (/) are strengthened by numerous 
- cartilaginous filaments, between which are a series of transverse 
slits or clefts, and the whole is covered with a richly ciliated 
mucous membrane. The function of this sac is clearly respira- 
tory, the water from without being admitted through the mouth, 
passing through the branchial clefts into the abdominal cavity, 
and finally escaping by means of an aperture placed on the 
ventral surface a little in front of the anus. From the hinder 
end of the branchial sac proceeds the alimentary canal, which 
has appended to it a sac-like organ believed to represent the 
liver, and which terminates behind in a distinct anal aperture. 


Fig. 127.—Diagram of the Lancelet (Amphioxus lanceolatus): mt Mouth with 
cartilaginous filaments; # Greatly developed pharynx, or branchial sac, per- 
forated by ciliated apertures ; z Intestine; 2 Anus ; % Blood-vessels, with pulsat- 
ing dilatations in place of a heart ; ch Notochord ; z Spinal cord. 


There is no heart, and the circulation is entirely effected by 
means of several contractile dilatations, developed upon the 
great blood-vessels (Z). The blood itself is colourless. No 
kidneys have hitherto been discovered, and the reproductive 
elements are emitted into the abdominal cavity, from which 
they escape by the pore placed upon the lower surface. 

There is no skeleton properly so called. The notochord (ch) 
remains throughout life as a semi-gelatinous rod, enclosed in a 
membranous sheath, and supporting the spinal cord. There 
is no skull, and the spinal cord (z) does not expand in front to 
form a distinct brain or cerebrum. The brain, however, may 
be said to be represented, as the front portion of the nervous 
axis gives off nerves to a pair of eyes, and another branch to a 
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ciliated pit, which is believed to be a rudimentary organ of 
smell. 


ORDER II, MARSIPOBRANCHII (Gr. marsifos, a pouch ; drag- 
chia, gills).—This order includes the Hag-fishes (7yxinid@) and 
the Lampreys (Petvomyzonide), and-it is defined by the follow- 
ing characters: The body is cylindrical and worm-like, and is 
destitute of limbs. The skull is cartilaginous, there is no lower 
jaw, and the notochord remains through life, so that there is no 
vertebral column. The heart is composed of an auricle and a 
ventricle, but there is no dudbus arteriosus. The gills are pouch- 
like, communicating with the throat on the one hand, and open- 
ing externally on the other by means of apertures placed on the 
sides of the neck. 

The Hag-fish (Zyxzne) is an eel-like fish, which agrees with 
the Lampreys in having neither pectoral nor ventral fins, the re- 
presentatives of the fore and hind limbs. The mouth is of a 
very remarkable character, and enables the Hag-fish to lead a 
very peculiar existence. It is generally found embedded in the 
interior of some large fish, into which it has penetrated by 
means of a single serrated and recurved fang attached to the 
centre of the palate. The mouth itself is destitute of jaws, and 
forms a sucking disc or cup. Another remarkable peculiarity of 
the Hag-fishes is found in the structure of the nose. In all 
fishes, namely, except these and the Mud-fishes (Lefzdostren), 
the nasal chambers are closed behind, and do not communicate 
with the cavity of the mouth, as they do in the higher Verte- 
brates. In the Myxinoids, however, such a communication does 
exist. The nasal sacs are placed in communication with the 
throat (pharynx) by means of a canal which perforates the 
palate. A second canal leads from the nasal cavities in front 
to open by an external aperture (the nostril or “spiracle”) on 
the top of the head behind the mouth. 

Another peculiarity, which is best considered in the Lampreys, 
is to be found in the structure of the respiratory organs, from 
which the name of the order is derived. When viewed exter- 
nally, instead of the single great “ gill-slit,” covered by a “gill- 
cover,” as seen in the ordinary bony fishes, the side of the neck 
presents seven round holes placed far back in a line on each 
side. These holes are the external apertures of the gills (fig. 128, 
A), which in these fishes are in the form of sacs or pouches, the 
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lining membrane of which is thrown into numerous folds or 
plaits, over which the branchial vessels ramify (fig. 128, B). In- 
ternally the sacs communicate with the cavity of the pharynx, 
by means of a common respiratory tube into which they all 
open. It follows from this arrangement that the gill-pouches on 
the two sides of the neck communicate freely with one another 
through the pharynx. The object of this arrangement is to 
obviate the necessity for admitting the water to the gills through 
the mouth, as ordinary fishes do. These fishes are in the habit 
of fixing themselves to foreign objects by means of the suctorial 
mouth ; and when in this position, it is, of course, impossible 
that they can obtain the necessary water of respiration through 
the mouth. As the gill-sacs, however, on the two sides of the 


Fig. 128.—A, Lamprey (Petvomyzon), showing the sucking-mouth and the aper- 
tures of the gill-sacs. B, Diagram to illustrate the structure of the gills in the 
Lampreys. @ Pharynx; 4 Tube leading from the pharynx into one of the 
gill-sacs ; c One of the gill-sacs, showing the lining membrane thrown into 
folds; d@ External opening of the gill-sac. (In reality the gill-sacs do not open 
directly into the pharynx, but into a common respiratory tube which communi- 
cates with the pharynx ; but this is omitted for the sake of clearness.) 


neck communicate freely with one another through the pharynx, 
water can readily pass in and out. The gills are not provided 
with cilia, but the circulation of water is assisted by a kind of 
elastic cartilaginous framework upon which the whole respira- 
tory apparatus is supported, and which acts somewhat like the 
ribs of the higher Vertebrates. 

The nasal cavities of the Lampreys, unlike those of the Myxi- 
noids, are closed behind, and do not communicate with the 
throat. Some of the Lampreys are permanently inhabitants of 
rivers, but the great sea-lamprey (Petromyzon marinus) only 
quits the salt water and betakes itself to fresh in order to 
deposit its eggs. 
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ORDER III. TELEOSTEI(Gr. ¢e/ezos, perfect ; and osteon, bone). 
—The fishes comprised in this order, as implied in their name, 
have a well-ossified or bony skeleton, and they are commonly 
known as the “bony” fishes. In all the Ze/eostez, the skeleton 
is bony, the skull is composed of distinct bones, and there is a 
lower jaw. The vertebral column always consists of more or 
less completely ossified vertebrae ; and the two pairs of limbs, 
when present, are in the form of fins, supported by rays. The 
gills are free, comb-like or tufted in shape, and always protected 
by a bony gill-cover. The dulbus arteriosus is not capable of 
regular contractions, and is separated from the ventricle by only 
a single valve. 

The order Zeleostec comprises almost all the most eonitae 
fishes, and it will be unnecessary to dilate here upon their struc- 
ture, as they were taken as the type of the class in describing 
the fishes generally. It may be as well, however, to recapitu- 
late some of the leading points in the anatomy of the bony 
fishes. 1. The skeleton is always more or less completely ossified, 
and does not remain cartilaginous throughout life. The noto- 
chord is not permanent, and the vertebral column consists of a 
number of distinct vertebre. The vertebrae, however, are “am- 
phiccelous,” or hollow at both ends, so that there is left between 
each pair a doubly-conical cavity, which is filled with the car- 
tilaginous or semi-gelatinous remains of the notochord, In this 
way an extraordinary amount of flexibility is given to the entire 
vertebral column. In no fish (except the Bony Pike, which 
belongs to another order) is the conversion of the bodies of the . 
vertebrze into bone carried further than this. 

2. The integument usually develops scales, and these in the 
great majority of cases are of the forms known as “ cycloid” and 
“‘ctenoid,” the former being circular or elliptical horny plates, 
with plain margins ; whilst the latter have their hinder margins 
cut into comb-like projections or fringed with spines (fig. 122, a, 0). 

3. The anterior and posterior limbs are usually, but not 
always, present, and when developed they are always in the 
form of fins. These fins may.be supported by “spinous rays” 
or “soft rays,” or by both. The spinous rays are simple undi- 
vided bony spines which taper to a point. The soft rays are 
doubly divided, splitting up towards their extremities into a 
number of secondary rays, and being also divided by transverse 
joints into numerous short pieces. 
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4. Besides the “‘ paired” fins which represent the limbs, there 
is also a series of uzpaired or “median” fins, the rays of which 
are supported upon a series of dagger-shaped bones, deeply 
plunged in the flesh in the middle line of the body, and known 
as the “interspinous” bones (fig. 123). The median fins are 
variable in number, but when fully developed they consist of 
one or two fins on the back (the dorsal fins), one or two on the 
ventral surface (the anal fins), and one clothing the posterior 
extremity of the body (the caudal fin, or tail, fig. 124). Inallthe 
Teleostei, the caudal fin has the shape called “ homocercal”—that 
is to say, it consists of two equal lobes—and the vertebral column 
is not prolonged into the upper lobe (fig. 125, a). 

5. The heart consists of two cavities, an auricle and a ven- 
tricle, but the da/bus arteriosus is not rhythmically contractile, 
and is separated from the ventricle by only a single pair of 
valves. 

6, The respiratory organs are in the form of free, comb-like, 
or tufted gills, enclosed in two cavities placed on the sides of the 
neck. Each of these branchial chambers opens externally by 
a single aperture, the “ gill-slit,’ which is protected by a chain 
of bones, forming the “ gill-cover,’? and by a membrane sup- 
ported by bony rays. Internally the branchial chambers com- 
municate with the throat by a series of clefts or fissures, and 
the water required in respiration is taken in at the mouth bya 
process analogous to swallowing. 

7. The nasal sacs never communicate behind with the throat 
(pharynx), 
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SUB-ORDER I, MALACOPTERI.—USually a complete series of fins, sup- 
ported by rays, all of which are so//, or many-jointed (with the occasional 
exception of the first rays in the dorsal and pectoral fins). A swim- 
bladder is always present, and is always connected with the gullet by'a 
duct. The skin is rarely naked, and is mostly furnished with cycloid 
scales, but sometimes ganoid scales are present. 

Amongst the more important families in this sub-order are the Eels 
(Murenide), Herrings (Clupeide), Pikes (Esocide), Carps (Cyprinidae), 
Salmon and Trout (Sadmonide), and Sheat-fishes (Szluride). 

SUB-ORDER IT. ANACANTHINI.—Fins entirely supported by soft rays, 
and never by spinous rays, Ventral fins either wanting, or placed 
under the throat, beneath or in advance of the pectorals. 

The two leading families in this sub-order are the Cod, Ling, and 
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Haddock family (Gadide), and the Flat fishes (Pleuronectide), compris- 
ing the Sole, Turbot, Flounder, and others. 

SUB-ORDER III. ACANTHOPTERI,—Fins with one or more of the 
first rays in the form of undivided, inflexible, spinous rays. Scales mostly 
ctenoid. Swim-bladder without a duct. 

The leading families in this order are the Wrasses (Cyclolabride), the 
Perches (fercide), the Mackerels (Scomberide), the Mullets (Alugiiide), 
and the Gobies (Godzzde). 

SUB-ORDER IV. PLECTOGNATHI.—Certain of the bones of the mouth 
(the maxillary and pree-maxillary bones) immovably connected on each 
side of the jaw. Integumentary skeleton in the form of ganoid plates, 
scales, or spines. . 

The chief families in this sub-order are the File-fishes (Balistide), 
and the Trunk-fishes (Ostractontide). 

SUB-ORDER V. LOPHOBRANCHII.—Gills arranged in little tufts on 
the branchial arches. Integumentary skeleton in the form of ganoid 
scales. 

The two families contained in this division are the Sea-horses (HzAfo0- 
cunipide), and the Pipe-fishes (Syuguathide). 


ORDER IV. GANOIDEI (Gr. gavos, splendour, or brightness).— 
The fourth order of fishes is that of the Gaozdez, including few 
living forms, but having a great and varied development in past 
geological epochs. The Ganoid fishes are distinguished by the 
imperfect development of the skeleton, which is mostly cartila- 
ginous throughout life, and by having an integumentary skeleton 
composed of ganozd scales, plates, or spines (fig. 122, @). The 
skull is composed of distinct bones, and there is always a lower 
jaw. ‘There are usually two pairs of fins (pectoral and ventral), 
supported by many series of cartilages, and the ventral fins are 
placed very far back. The first rays in the fins are usually in 
the form of strong spines. The caudal fin or tail is mostly 
heterocercal or unsymmetrical (fig. 125, 4). The swim-bladder 
is always present, is often cellular, and is provided with an air- 
duct. The gills and gill-covers are essentially the same as in 
the bony fishes. The heart has oneauricle and a ventricle ; and 
the dulbus arteriosus is rhythmically contractile, is furnished 
with a distinct coat of muscular fibres, and is furnished with 
several transverse rows of valves. 

The best known of the living Ganoids are the Bony Pike 
(Lefidosieus), the Sturgeon (S¢urzo), and the Polypterus. Of 
these, the Bony Pike is found in the rivers and lakes of North 
America. Itis a large fish, attaining a length of several feet, 
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and it has the body entirely covered with an armour of ganoid 
scales arranged in obliquely transverse rows. The jaws form a 
long narrow snout, armed with a double series of teeth, and the 
tail is heterocercal. The vertebral column is more perfectly 
ossified than in any other fish, the bodies of the vertebrae being 
convex in front and concave behind (“ ofzsthocewlous”). The 
Polypterus (fig. 129, A) inhabits the rivers Nile and Senegal, 
and is remarkable for the peculiar structure of the dorsal fin, 
which is broken up into a series of small detached portions, 
each composed of a single spine in front, with a soft fin attached 
to it behind. Some of the species of Polypterus are stated to 
possess extermaé gills when young, which they lose when grown 
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Fig. 129.-—Ganoid Fishes. A, Polypterus, a living Ganoid. B, Osteolepis, a fossil 
Ganoid (restored): a Pectoral fin: 4 Ventral fin ; c Anal fin; @ 2’ Dorsalgfins. * 


up, thus making an approach to the Amphibia. Many of ,the 
fossil Ganoids are more or less closely allied to the living Zepz- 
dosteus and Polypterus. 

Another great group of the Ganoid fishes is represented by 
the Sturgeons (Sturionide), in which the skeleton is always 
very imperfectly ossified, and the head, with more or less of the 
body, is protected by large ganoid plates, which are often united 
together at their edges by sutures. The true Sturgeons are 
chiefly found in the North Sea, the Caspian, and the Black Sea, 
and they are captured when ascending the great rivers for the 
purpose of spawning. The swim-bladder of the Sturgeons is 
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one of the chief sources from which zsimg/ass is prepared, and 
the roe is sold as a delicacy under the name of caviare. The 
place of the Sturgeons in North America is taken by the Paddle- 
fishes (Sfatularia). 

The group of Ganoids represented at the present day by the 
Sturgeons and Paddle-fishes was formerly represented by nume- 
rous remarkable fishes, which are most abundant in the system 
of rocks known to geologists as the “Old Red Sandstone.” 
The graphic descriptions of Hugh Miller have placed many of 
these fishes before us as living pictures, but space will not allow 
of any further notice of them here. One, however, of the more 
striking forms is figured below (fig. 130). 


Fig. 130.--Cephalaspis Lyellit, from tlre Old Red Sandstone of Scotland. 


ORDER V. ELASMOBRANCHII (Gr. e/asma, a thin plate; and 
bragchia, gills).—This order includes the Sharks and Rays, and 
is distinguished by the following characters: The skull and 
lower jaw are well developed, but the skull is not composed of 
distinct bones, and simply forms a kind of cartilaginous box. 
The vertebral column ‘is sometimes cartilaginous, sometimes 
composed of distinct vertebraz. The integumentary skeleton 
is in the form of Alacozd scales (fig. 122, c)—that is to say, of 
detached grains, tubercles, or plates. There are two pairs of 
fins, corresponding to the fore and hind limbs, and the ventral 
fins are placed far back, close to the anus. The heart consists 
of an auricle and ventricle; and the dudbus arteriosus is rhyth- 
mically contractile, is provided with a distinct coat of muscular 
fibres, and is furnished with several transverse rows of valves. 
The gills are fixed, and form a number of pouches, which open 
internally into the pharynx, and communicate with the outer 


ORDERS OF FISHES. 245 


world by a series of apertures placed on the side of the neck 
(fig. 131). The intestine is very short, but to compensate for . 
this, the mucous membrane is thrown into a fold, which winds 
round the intestine in close turns from the pyloric orifice of 
the stomach to the anus, and which thus greatly increases its 
absorbing surface. 

The best-known members of this order are the Sharks and 
Rays, but numerous extinct forms testify to its great abundance 
in past geological epochs. 


Fig. 131.—A, Head of a Piked Dog-fish (Szzax), showing the transverse mouth 
on the under side of the head, and the gill-slits on the side of the neck. B, 
Diagram to illustrate the gill-sacs of the Sharks: 0 0, External apertures ; Z 2, 
Apertures leading into the pharynx; ss, Gill-sacs, containing the fixed gills. 


TABULAR VIEW OF THE DIVISIONS OF THE ELASMOBRANCHII. 


SUB-ORDER I, HOLOCEPHALI.—The mouth placed at the end of 
the head, and the external opening of the gills in the form of a single 
gill-slit. 

The best-known member of this sub-order is the Chimera monstrosa, 
sometimes called the “King of the Herrings.” 


SUB-ORDER II, PLaciostom1.—Mouth transverse, placed on the 
under surface of the head; external opening of the gills in the form of 
several slits on each side of the neck, not protected by a gill-cover. 

fam. a. Cestraphori.—Ex. Port-Jackson Shark. 
fam. b. Selachit,—Ex. Sharks and Dog-fishes. 
fam. c. Batides,—Ex, Rays. 


ORDER VI. Dipnot (Gr. dz, double ; zoé, breath).—The best- 
known, and until lately the only, forms included in this order are 
the very singular Mud-fishes (Lepidostven), which are of great 
interest from the many points of affinity which they exhibit to 
the Amphibia. The body of the mud-fish (fig. 132) is completely 
fish-like, and is protected by a covering of small, horny, over- 
lapping scales, which have the cycloid characters. There are 
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two pairs of limbs, but these are in the form of awl-shaped organs, 
each supported by a single-jointed cartilaginous rod. The 
pectoral limbs have a membranous fringe inferiorly, and the 
ventrals are placed very far back. There is also a median fin 
behind, forming a continuous fringe round the compressed tail, 
and supported by cartilaginous rays. 

The skull is composed of distinct bones, and there is a lower 
jaw ; but the notochord is persistent, and there are no bodies 
of vertebree developed. ‘The respiratory organs are ¢wo/fold, 
consisting, firstly, of free filamentous branchiz or gills, con- 
tained in a branchial chamber, which opens externally by a 
single vertical gill-slit ; and, secondly, of true lungs, in the form 
of a double cellular air-bladder communicating with the gul- 
let by means of an air-duct or windpipe. Sometimes, if not 
always, there are rudimentary evterna/ gills as well, placed on 
the side of the neck. The heart consists of a ventricle, and of 


Fig. 132.—Lepidosiren annectens, the Mud-fish. £ Pectoral limbs; ¥ Ventral limbs. 


zwo auricles, divided from one another by an incomplete parti- 
tion. Lastly, the nasal sacs open behind into the throat, and 
do not form close chambers opening only by the nostrils, as 
they do in all other fishes except the Myxinoids. The two best- 
known species are the Lepzdosiren faradoxa from the Amazon, 
and the Z. axneclens from the Gambia. They both inhabit 
marshy tracts, and both appear to be able in the dry season to 
bury themselves in the mud, and to form a kind of chamber, in 
which they remain dormant till the rains of the wet season set 
them free. 

Recently there has been discovered in the rivers of Queens- 
land (Australia) a singular fish, which has been referred to this 
order, under the name of Ceratodus Fosteri. It is known to the 
natives as the “ Barramunda,” and attains a length of from three 
to six feet. The body is covered with large cycloid scales, and 
the tail is homocercal. This fish presents many remarkable 
point of resemblance to some curious fossil forms. 


ICHTHYOPSIDA. 247 


eGo PHYO; PS) debeAy 
CHAPTER XXVI. 


CLASS II. AMPHIBIA. 


THIS class of Vertebrata comprises the Frogs and Toads, the 
Newts and Land-salamanders, the Ceci/ieg, and some extinct 
forms, and it may be briefly defined as follows: In all cases 
gills or branchize adapted for aquatic respiration are present 
during a part or the whole of life; but in all cases true lungs 
adapted for breathing air are ultimately developed, even when 
the gills are retained through life. All pass through some sort 
of a metamorphosis after being set free from the egg. The 
limbs may be absent or there may be only one pair, but in no 
case are they ever converted into fins. When median fins 
are present, as is sometimes the case, these are never furnished 
with fin-rays or interspinous bones, as in the fishes. The skull 
always articulates with, or is jointed to, the spinal column by 
zwo articular surfaces or condyles. The heart consists of two 
auricles and a single ventricle. The nasal sacs always open be- 
hind into the mouth; and there is a common cavity or “ cloaca” 
which receives not only the termination of the intestine (vectumz), 
but also the ducts of the kidneys and of the reproductive organs. 

The great and distinguishing character of the Amphzbza is 
that they invariably undergo some kind of metamorphosis after 
birth ; though in some rare cases the eggs are retained so long 
within the body of the parent that there is little or no obvious 
change. In the great majority of cases, however, the Amphibians 
commence life as water-breathing larve, provided with gills ; 
but in their adult state they possess true air-breathing lungs, the 
gills sometimes disappearing when the lungs are developed, but 
being sometimes retained throughout life. In the most of 
cases the gills are external, placed on the sides of the neck, and 
not contained in a special cavity, thus differing altogether from 
the gills of fishes. In the Frogs and Toads, and in some others, 
there are two sets of gills, one external and the other internal, of 
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which the former is soonest lost. The lungs of the Amphibians 
never attain a very high state of development; and in those 
forms in which the gills are retained throughout life, the chief 
business of respiration appears to be carried on by the gills. In 
accordance with the changes in the respiratory process, corre- 
sponding alterations take place in the blood-vessels. With the 
development of the lungs the vessels which carry blood to them 
(the pulmonary arteries) increase in size, whilst the branchial 
vessels, which carry the blood to the gills, undergo a propor- ° 
tionate diminution. At first the condition of the circulation is 
very much the same as it is in fishes, but ultimately it becomes 
nearly the same as in the true reptiles. 
The Amphibia are divided into three living and one extinct 

order, as follows :— 

1, Ophiomorpha. 

2. Urodela. 

3. Anoura. 

4. Labyrinthodontia. 


ORDER I. OPHIOMORPHA (Gr. ofhizs, a serpent ; and morphe, 
form).—This order is an extremely small one, and, as its name 


Fig. 133.—a Siphonops annulatus, one of the Cecilians, much reduced ; 6 Head of 
the same ; c Mouth, showing the tongue, teeth, anc internal openings of the nos- 
_trils; d Tail of the same. (After Dumeril and Bibron.) 


implies, it comprises certain snake-like Amphibians. The order 
includes only the curious animals known as Cecdlé@ (fig. 133); 
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which are found in Java, Ceylon, South America, and Guinea. The 
body is entirely destitute of limbs, and is enclosed in an integu- 
ment which is thrown into numerous transverse wrinkles, and 
sometimes has numerous horny scales embedded init. The eyes 
are concealed by the skin, and are rudimentary. There is no 
tail, and the anal aperture is placed almost at the extreme end 
of the body. When adult, respiration is carried on by means of 
lungs, but gills are present in the young, and there can therefore , 
be no doubt as to their being genuine Amphibians. 

The Cecilie are found burrowing in marshy ground, and 
they are not unlike large earth-worms in appearance, but they 
sometimes attain a length of several feet. 


ORDER II. URODELA or ICHTHYOMORPHA (Gr, zchthus, a 
fish ; and sorphe, shape).—In this order are a number of fish- 
like Amphibians, of which the Newts and Land-salamanders 
are the most familiar examples. In all the members of this 
section the skin is naked, and never develops any hard struc- 
tures, and in all there is a well-developed fish-like tail, which is 
retained throughout life. The vertebrae are sometimes hollow 
at both ends (amphicelous), sometimes hollow behind and con- 
vex or rounded in front (opzsthocelous). The ribs are rudimen- 
tary, and the bones of the fore-arm (radius and u/na), and of 
the shank (¢zéza and fibula), are separate, and are not combined 
so as to form single bones. 

The Jchthyomorpha are not unfrequently spoken of as the 
“ Tailed” Amphibians (Uvodela), and they fall into two natural 
sections, according as the gills are permanently retained through- 
out life, or are cast off before maturity is attained. The animals 
belonging to the first section are often called “ perennibran- 
chiate,” whilst those belonging to the second are said to be 
‘* caducibranchiate.” 

Among the Perennibranchiate forms, in which the gills are 
permanently retained after the lungs make their appearance, 
the best-known examples are the Axolotl (fig. 134), the curious 
Proteus anguinus, and the Mud-eel (Szvex). The Axolotls 
inhabit various of the lakes of the American continent, the best- 
known species being the Szvedon pisciforme of the Mexican 
lakes (fig. 134). It attains a length of a foot or more, and 
possesses both pairs of limbs, the fore-feet having four toes, the 
hind-feet five toes. The branchiz are in the form of three long 


250 VERTEBRATE ANIMALS. 


ramified processes on each side of the head; and the tail is 
compressed, and fringed by a fin which is prolonged on 


Fig. 134.—The Axotlotl (Szvedon pisci- 
JSorme)—after Tegetmeier. The ordinary 
form, with persistent branchia. 


the back between the 
shoulders. In a state of 
nature, the Axolotl is cer- 
tainly perennibranchiate, 
and it breeds freely in this 
condition. It has been 
shown, however, by Prof. 
Marsh, of New Haven, that 
some species, when kept in 
confinement, lose their gills, 
and undergo certain other 
changes, becoming  ulti- 
mately converted into a 
Salamandroid, apparently 
belonging to the genus 
Amblystoma. 

The Proteus is an extra- 
ordinary Amphibian which 
is found inhabiting the 
waters of caves in Illyria 
and Dalmatia. It attains 
a length of about a foot, 
and is of a pale flesh-colour 
or nearly white. The gills, 
which are retained through- 
out life, are of a bright 
scarlet. Both pairs of limbs 
are developed, but they are 
only short and weak, the 
fore-limbs having three toes 
each, and the hind-limbs 
only two. The eyes are 
extremely small, the animal 
spending its existence in 
darkness ; and swimming is 
effected mainly by means of 


the tail. The Szrex or Mud-eel is a large lizard-like Amphibian, 
which is found abundantly in the swamps of South Carolina, 
and attains the great length of three feet. The external branchiz 


ICHTHYOPSIDA. 251 
are retained throughout life, and they are the main organs of 
respiration. The fore-limbs are present, but the hinder pair of 
limbs is never developed. 

The “ caducibranchiate” section of this order is characterised 
by the fact that both pairs of limbs are always developed, and 
the branchize are never retained throughout life. The most 
familiar examples are the Water-salamanders or Newts (772#o7), 
and the Land-salamanders. The Newts (fig. 135), are well 
known as inhabiting pools in our own country, and the young 
lead a strictly aquatic life. When the lungs are developed the 
external gills wholly disappear, and the respiration becomes 
strictly aerial, though the animals still spend a great part of 
their time in the water. The larva or young form is at first 
destitute of limbs, and the fore-limbs are the first to be 
developed, the reverse of this taking place in the Frogs, In 


Fig. 135.—The great Water-Newt (7 vrcton cristatus), male. (After Bell.) 


accordance with their mode of life, the tail is compressed and 
flattened, so as to form an efficient swimming apparatus. The 
Water-salamanders are all oviparous, and the young are like 
the tadpoles of the common frog. 

The Land-salamanders, in both their adult and young state, 
live upon land, and the tail is rounded and cylindrical. The 
young are not developed in water, but are retained within the 
body of the parent for a longer or shorter period, so that the re- 
production becomes ovo-viviparous, or even viviparous. There 
are no Land-salamanders in this country, but they occur upon 
the Continent, and one species lives upon high mountains. 

It is important to remember in connection with all these 
“tailed” Amphibians, that they are wholly distinct from the 
true Lzzards, with which they are often confounded. Many of 
them are completely lizard-like in form, having a long tail and 
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two pairs of legs ; all, however, at some time or other in their 
life, respire by means of gills, and this is never the case with 
any true Lizard. It must be confessed, however, that a near 
approach to the Lizards is made by the Land-salamanders, the 
young of which have sometimes lost their gills before birth. | 


ORDER III. ANOURA or THERIOMORPHA (Gr. ¢her, a beast ; 
and morphe, shape).—This order is the highest of the Amphibia, 
and comprises the Frogs and Toads. It issometimes known by 
the name of Batrachia (Gr. batrachos, a frog), or Anoura (Gr. a, 
without ; ora, a tail), the latter name being derived from the 
fact that the adults are “ tailless.” 


Fig. 136.—Skeleton of the common Frog (Rana temporaria). d Dorsal vertebre, 
with long transverse processes, 


The tailless Amphibia or Theriomorpha are characterised by 
the fact that whilst the larva possesses a tail, and is furnished 
with gills, the adult has no tail, and breathes wholly by lungs. 
Both pairs of limbs are always developed in the full-grown 
animal, and the hind-limbs are usually considerably longer than 
the fore-limbs, and generally have the toes webbed, whilst those 
of the fore-limbs are free. The skin is soft, and there are rarely 
any traces of any integumentary skeleton, The spinal column 
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(fig. 136) is short; the dorsal vertebrze are very long ; and the 
ribs are quite rudimentary, their place being taken by greatly- 
developed transverse processes (@). The bodies of the vertebrz 
are hollow in front and convex behind (Jvoce@/ous). The bones 
of the fore-arm (radius and w/nza), and those of the shank 
(t2zjzca and fibula), are united together to form single bones. 
The upper jaw is usually furnished with teeth, and the lower 
jaw sometimes, but there are no teeth inthe Toads. The lungs 
are well developed, comparatively speaking ; and as there are no 
ribs by which the cavity of the chest can be expanded, the air 
is taken into the lungs by a process nearly akin to that of 
swallowing, There can be no doubt, also, that the skin plays 
a very important part in the aeration of the blood, and that the 
frogs, especially, can carry on their respiration by means of the 
skin without the assistance of*the lungs for a very lengthened 
period. This, however, should not lead to any credence being 
given to the often-repeated stories of frogs and toads being 
found in closed cavities in solid rock, no authenticated instance 
of such an occurrence being known to science. The ova of 
the frogs and toads are deposited, in masses or strings, in 


Fig. 137-—Development of the common Frog. a@ Tadpole, viewed from above, 
showing the external branchiz (¢) + 4 Side view of a somewhat older specimen, 
showing the fish-like tail ; ¢ Older specimen, in which the hind-legs have made 
their appearance ; @ Specimen in which all the limbs are preseuit, but the tail 

’ has not been wholly absorbed. (After Bell.) 


water, and the young or larvee are familiar to every one as tad- 
poles. Upon its escape from the egg, the young frog (fig. 137) 
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presents itself as a little fish-like creature with a broad head, a 
sac-like belly, and a long compressed tail with which it swims 
actively, It breathes by means of gills or branchize, of which 
there are two sets, one external, and the other internal. At 
first there are no limbs; but, as development proceeds, the 
limbs make their appearance—the hind-legs first, and then the 
fore-legs. The tail, however (fig. 137), is still retained as an 
instrument of progression. Ultimately, when the limbs are fully 
developed, and the gills have given place to lungs, the tail disap- 
pears, and the animal now takes to the land as a perfect frog. 

The development of the Frog is a good illustration of the 
general zoological law, that the transitory embryonic stages of 
the higher members of any division of the animal kingdom are 
often represented by the permanent condition of the lower 
members of the same division.» Thus the transitory condition 
of the young Frog, in which it breathes by external branchie, 
is to a certain extent permanently represented by the perma- 
nent condition of a perennibranchiate Amphibian, such as 
the Proteus. ‘The stage at which the external branchice have 
disappeared, but the tail is still present, and the limbs are 
developed, is permanently represented in the common tailed 
Amphibians, such as the Newts. 

The order Azoura comprises the three families of the Frogs, 
Toads, and Surinam Toads. The Frogs (Ranide) are distin- 
guished by having a tongue which is fixed to the front of the 
mouth, and can be protruded at will, while the upper jaw is 
always armed with teeth, The typical Frogs have enormously- 
developed hind legs, the toes of which are united by membrane, 
or are “webbed.”. They swim very powerfully, and can take 
extensive leaps. The Tree-frogs, on the other hand, are adapted 
for a wholly different life, inhabiting trees, among which they 
climb with great ease by the help of suckers developed upon 
the ends of the toes. They are mostly found in warm countries, 
especially in America, but one species is European. 

In the equally familiar Toads (Aufonzde) the structure of the 
tongue is the same as in the Frogs, but the jaws are not fur- 
nished with teeth. In the Surinam Toads (Pzfzd@) there is no 
tongue at all, and usually no teeth. 


ORDER IV. LABYRINTHODONTIA.—This, the last order of the 
Amphibia, is not represented by any living forms, and requires 
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to be little more than mentioned. The Labyrinthodonts were 
Amphibia which were all of large size, and of which some 
must have attained absalutely gigantic dimensions, the skull 
of one species being three feet in length and two in breadth. 
They were first known to science simply by their footprints, 
which were found in certain Secondary sandstones (77zas). 
These footprints consisted of a series of alternately placed 
pairs of hand-shaped impressions, the hinder print of each pair 
being much larger than the fore one. So like were these prints 
to the shape of the human hand that the unknown animal which 
had produced them was christened the “Chezrotherium” (Gr. 
chetr, hand ; ther, beast). Further researches, however, showed 
that these footprints were produced by various species of large 
Amphibians, to which the name of Ladyrinthodontia was ap- 
plied, in consequence of the complicated microscopic structure 
of the teeth. These extinct Amphibians are known to have 
existed at the time of the Coal, but they are most characteristic 
of the period known to geologists as the Trias, 
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SAUROPSIDA. 
CUA. PUB, X20 Vel, 
CLASS Il. REPTILIA. 


WE commence now the second great primary division of the 
Vertebrata—namely, that of the Sauropszda, comprising the 
Reptiles and the Birds. These two classes, though very unlike 
in external appearance, are united by the following charac- 
ters: There are never at any period of life gills or branchiz 
adapted for aquatic respiration; the red corpuscles of the 
blood are nucleated (fig. 121, 6 c); the skull articulates with 
the vertebral column by means of a single articulating sur- 
face or condyle; each half of the lower jaw is composed of 
several pieces, and is jointed to the skull, not directly, but by 
the intervention of a special bone (the so-called ‘‘ quadrate 
bone”). 

These being the characters by which, amongst others, Rep- 
tiles and Birds are collectively distinguished from other Verte- 
brates, it remains to see what are the characters by which the 
Reptiles are distinguished, as a class, from Birds. In all Rep- 
tiles the blood is cold—that is to say, very slightly warmer than 
the temperature of the external medium in which they live, 
The integument secretes scales, with or without bony plates, but 
in no case do the integumentary appendages take the form of 
feathers. The heart consists of two auricles and a ventricle, 
which in most is partially divided into two chambers by an in- 
complete partition, and in a few is completely divided. In any 
case, however, more or less of the impure venous blood 1s 
mixed with the pure arterial blood which circulates over the 
body. There is no division between the cavities of the thorax 
and abdomen, and the lungs are not connected with air-sacs 
placed in various parts of the body. The limbs may be want- 
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ing, or rudimentary, but in no case are the fore-limbs con- 
structed upon the type of the “ wing” of birds, and in no living 
Reptile is there the bone which is known in Birds as the 
“ tarso-metatarsus.” 

The class Reptilia includes the Tortoises and Turtles (Che- 
Jonia), the Snakes (Ophidia), the Lizards (Lacertzlia), and the 
Crocodiles (Crocodilia). With the exception of the Tortoises 
and Turtles, they are mostly of an elongated cylindrical form, 
furnished behind with a long tail. The limbs may be altogether 
absent or quite rudimentary, as in the Snakes, but in almost all 
the higher members of the class there are two pairs of limbs, 
which may be either adapted for walking or swimming, and 
which in some extinct forms support a flying membrane. The 
internal skeleton is always bony, never cartilaginous or semi- 
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Fig. 138.—Skull of a Serpent (Python). a@ Quadrate bone; 4 Lower jaw, 
articulating with the movable quadrate bone. 


cartilaginous as in many of the fishes. The skull is joined to 
the spine by a single articulating surface (or condyle). The 
lower jaw is complex, each half being composed of several 
pieces united by sutures. In Tortoises and Turtles, however, 
these separate pieces are amalgamated together, and the two 
halves are also united, so that the whole lower jaw appears to 
form a single piece. In most reptiles, on the other hand, the 
two halves of the lower jaw (fig. 138), are only loosely united ; 
in the Snakes by ligaments and muscles, in the Lizards by gristle, 
and in the Crocodiles by suture. In all, the lower jaw is jointed 
to the skull by means of a special bone, called the “ quadrate 
bone ;” and as this often projects backwards, the opening of the 


mouth is often very extensive, and may even extend backwards 
R 
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beyond the base of the skull (fig. 138, a). Teeth are generally 
present, but these are used chiefly to hold the prey, and not in 
biting or chewing the food. Except in the Crocodiles, the teeth 
are not sunk into distinct sockets, and they are usually replaced 
as fast as shed. They lhkewise do not differ from one another 
sufficiently in form or function as to allow of their being divided 
into different sets, as they can be in the Mammals. Usually 
the teeth are confined to the jaws proper, but in some cases they 
are carried by other bones of the mouth. In the Tortoises and 
Turtles there are no teeth, and the jaws are simply sheathed 
in horn, so as to constitute a kind of beak, like that of a bird. 
The integumentary skeleton is in the form of scales, sometimes 
combined with bony plates. In the Tortoises and Turtles 
the integumentary skeleton is so united with the true skeleton 
as to form a kind of bony case or box, in which the body is 
enclosed. 

The digestive system presents little worthy of special notice, 
except that the termination of the intestine (rectum) opens into 
a cavity called the “cloaca,” which receives also the ducts of 
the urinary and generative organs. 

It is, however, in the structure of the circulatory and respira- 
tory organs that the most important characters of the Reptiles 
are to be looked for. The heart in all Reptiles may be regarded 
as being, 2 funcizon, three-chambered, being composed of two 
auricles and a single ventricle, imperfectly divided by an in- 
complete partition. In the Crocodiles alone the heart is, s¢yzc- 
turally, four-chambered, the ventricle being divided into two 
by a complete partition. Here, however, the same results are 
brought about as in the other Reptiles, by means of a com- 
munication which subsists between the great vessels which 
spring from the ventricles thus formed. In the ordinary Rep- 
tiles the course of the circulation is as follows (fig. 139): The 
impure or venous blood that has circulated through the body is 
poured by the great veins into the right auricle (a2). The pure 
or arterial blood that has been submitted to the action of the 
lungs is pouredby the pulmonary veins into the left auricle (¢). 
Both auricles empty their contents into the ventricle, and as the 
partition which divides the ventricle is an incomplete one, it 
follows that the venous and arterial streams must mix to a 
greater or less extent in the ventricle. From the ventricle arise 
the great vessels which carry the blood to the lungs and to all 
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parts of the body, and it follows, as a matter of necessity, that 
all these parts are supplied with a mixed fluid, consisting partly 
of impure or venous blood, and partly of pure or arterial blood. 
In the Crocodiles, in which there are two ventricles completely 


separated from each other, the 
same result is brought about 
by means of a communication 
which takes place between the 
great vessels which spring from 
the ventricles, in the immediate 
neighbourhood of the heart. 

From this brief description it 
will be seen that the peculiarity 
of the circulation in Reptiles 
consists in the fact, that the 
lungs and all parts of the body 
are supplied with mzxed blood ; 
whereas in the higher Verte- 
brates the lungs are supplied 
with pure venous blood, and 
the various tissues of the body 
with pure arterial blood. 

As regards the structure of 
the lungs, it is merely to be 
noted that there is no partition 
(diaphragm or midriff) sepa- 
rating the two cavities of the 
thorax and abdomen, and that 
the lungs, therefore, often at- 
tain a great proportionate size, 
sometimes extending through 
almost the whole length of the 
cavity of the trunk, There 
are also no air-sacs communi- 
cating with the lungs, as in the 
Birds, 


Fig. 139.—Diagram of the circulation of 
a Reptile. a Right auricle, receiving 
venous blood from the body; a’ Left 
auricle, receiving arterial blood from 
the lungs ; w Arterio-venous ventricle, 
containing mixed blood, which is driven 
by (2) the pulmonary artery to the 
lungs, and by (0) the aorta to the body. 


(The venous system is left light, the, 


arterial system is black, and the ves- 
sels containing mixed blood are cross- 


shaded.) 


Lastly, all Reptiles are essentially oviparous, some being 


ovo-viviparous. 


The egg-shell is usually parchment-like, but 


in other cases contains more or less calcareous matter. 
The class RePéilia is divided into four living and five extinct 
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orders, as follows, but space will not allow of any notice of 

more than the first three of the latter : — 
1. Chelonia (Tortoises and Turtles). 
2. Ophidia (Snakes). 

. Lacertilia (Lizards). 

. Crocodilia (Crocodiles). 

. Lchthyopterygia 

. Sauropierygia 

. Plerosauria Extinct. 

. Anomodontia 

. Detnosauria 
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CHAPTER XXVIII. 


DIVISIONS OF REPTILIA. 


ORDER I. CHELONIA.—In this order are included the vari- 
ous Tortoises and Turtles, characterised by having the body 
enclosed in a bony case or box, and by the fact that the jaws 
are not provided with teeth, but are encased in horn, so as to 
form a kind of beak. The case in which the body of a Chelonian 
is protected is composed partly of integumentary plates and 
partly of flattened bones belonging to the true skeleton, and it 
is composed essentially of two pieces, one placed on the back 
and the other on the lower surface of the body, firmly united 
together at their edges. The dorsal shield is more or less con- 
vex and rounded, and is called the carapace (fig. 140, ca) ; whilst 
the ventral shield is more or less completely flat or concave, and 
is called the A/astron, The carapace and plastron, as just said, are 
united by their edges, but they leave two openings, one in front 
for the head, and one behind for the tail. The carapace is es- 
sentially composed of the flattened and expanded spinous pro- 
cesses of the vertebrae, and the greatly-developed ribs, covered 
by a series of horny plates. These are growths of the integu- 
ment, and in some cases they constitute the “tortoise-shell” of 
commerce. The plastron is also composed partly of bony and 
partly of horny plates, but opinions differ as to whether the 
bony plates are to be looked upon as formed by an expanded 
breastbone, or whether they are merely integumentary, the 
probabilities being in favour of the latter view. 

The remaining peculiarities with regard to the skeleton which 
deserve special mention are: Firstly, that the dorsal vertebree 
are immovably connected together, so that this region of the 
spine is quite inflexible ; secondly, that the heads of the ribs are 
articulated directly to the bodies of the vertebree ; and, thirdly, 
that the scapular and pelvic arches, supporting respectively the 
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fore and hind limbs, are situated within the carapace (fig. 140, 
sand #), so that the shoulder-blade is placed zzszde the ribs 
instead of outside, as is usually the case. 
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Fig. 140.—Skeleton of a Tortoise (Emmys E uropea), seen from below, the plastron 
having been removed. ca Carapace, showing the flattened and expanded ribs: 
s Scapular arch, carrying the fore-limbs, and placed in the interior of the cara- 
pace ; # Pelvic arch, carrying the hind-limbs ; ~ Ribs. 


The Chelonia are conveniently divided into groups, according 
as the limbs are adapted for swimming (natatory), or for pro- 
gression on land (terrestrial); or, again, enable the animal to 
lead an amphibious life, sometimes on land and sometimes in 
the water, Of the strictly aquatic forms the best known are 
the edible Green Turtle (Chelone mydas) and the Hawk’s-bill 
Turtle (Chelone imbricata), The former is found abundantly ° 
in many of the seas of warm climates, and is largely imported 
into Europe as a delicacy. The latter (fig. 141) is truly a 
native of warm seas, though an occasional straggler has reached 
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our shores. It is of comparatively small size—not more than 
about three feet in length—but is of considerable commercial 
importance, as it furnishes the “tortoise-shell” of trade, so 
largely used in various kinds of ornamental work. 
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Fig, 141.—The Hawk's-bill Turtle (Chelone tmbricata)—after Bell. 


The Sea-tortoises or Turtles have ithe carapace much flat- 
tened, the legs of unequal length, in ‘the form of solid fins or 
oars, the toes being conjoined, and hardly distinct from one 
another. 

The Marsh, Pond, and River Tortoises are generally fur- 
nished with webbed feet, and lead an amphibious, semi-aquatic 
existence. The so-called “Soft Tortoises” (Zrzonycide) be- 
long here, and are distinguished by the imperfect condition 
of the carapace, which is simply covered with a leathery skin. 
A good example is the Soft-shelled Turtle (7. fervor) of the 
Southern States. Here also belong the Snapping-turtles, so 
well known in the person of the common American species 
(Chelydra serpentina), and the Terrapins (Zmydide), of 
which many forms are found in all parts of the United States. 
In the curious little Box-tortoise (Czstudo Virginea) the plas- 
tron is composed of two movable portions which can be 
brought into accurate apposition with the carapace, thus com- 
pletely protecting the animal within. 
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The Land Tortoises have short legs of nearly equal length, 
the toes little distinct, and united into a sort of stump, with 
indistinct, horny claws. Good examples of this group are the 
common European Tortoise (Zestudo Greca) and the Indian 


Tortoise (7. /zdica), the last attaining a length of over three 
feet. 


ORDER IJ. OPHIDIA.—This order includes most of the ani- 
mals which would commonly be called snakes or serpents, and 
is characterised by the following peculiarities: The body is 
always more or less elongated, worm-like, or cylindrical, and 
the skin develops horny scales, but never bony plates. There 
is never any breastbone (szerzzzz), nor pectoral arch, nor fore- 
limbs ; nor, as a rule, are there any traces of hind-limbs, In 
a few cases, however, rudimentary hind-limbs can be detected. 
The ribs are always very numerous. The two halves of the 
lower jaw are composed of several pieces each, and they are 
united to one another in front only by ligaments and muscles 
(fig. 138). Hooked, conical teeth are always present, but they 
are never lodged in distinct sockets, and are only used to hold 
the prey, and not in mastication. The lungs and other paired 
organs are often not symmetrical, one of each pair being usually 
smaller than the other, or altogether absent. 

The most striking of these characters of the snakes (fig. 142) 
is to be found in the nature of the organs of locomotion. The 
fore-limbs are invariably altogether wanting, and there is no 
pectoral arch nor breastbone ; nor, as a rule, are there any 
traces of hind-limbs. In a few forms, however, the hind-limbs 
are present in an extremely rudimentary form, never exhibiting 
any outward evidence of their existence, beyond the occasional 
presence of short horny claws or spurs. In the entire absence, 
then, or rudimentary condition of the limbs, the snakes progress 
by means of the ribs, which are always excessively numerous, 
and, in the absence of a breastbone, are also extremely movable. 
Their free ends, in fact, are simply attached by muscular fibres 
to the scales or “scutes,” which cover the lower or abdominal 
surface of the animal. The number of ribs varies from 50 up 
to 320 pairs, and by means of this arrangement the snakes are 
able to progress rapidly, walking, as it were, upon the ends of 
the ribs. Their movements are also much assisted by the 
extreme flexibility of the whole spine, caused by the cup-and-ball 
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articulation of the bodies of the vertebra, each of which is 
concave in front, and convex behind ( procelous), 

Of the other characters of the snakes, a few words may be 
said as to the tongue, the eye, and the teeth—all important 
structures in this order. The ¢ozgwe,in serpents, is probably 
more an organ of touch than of taste, and consists of two mus- 
cular cylinders, which are united towards their bases. The 
forked organ thus formed can be protruded and retracted at 
will, being in constant vibration when protruded, and being in 


Fig. 142.—The Maja Haje, a poisonous Snake of Egypt. 


great part concealed by a sheath when retracted. The eye of 
serpents (fig. 143, A) is not protected by any eyelids, and hence 
the peculiar stony and unwinking stare for which these reptiles 
are celebrated, In place of eyelids, the outer layer of the skin 
is prolonged over the eye as a continuous and transparent film, 
behind which is a chamber formed by the mucous covering of 
the eye, into which the tears are discharged. The outer mem- 
brane is periodically shed along with the rest of the external or 
epidermic layer of the integument, and is again renewed. The 
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pupil is round in most serpents, but it forms a vertical slit or 
fissure in the venomous snakes and in the Boas. 

As regards the teeth, it is to be noticed that the snakes are 
not in the habit of chewing their prey, but of swallowing it 
whole, and the construction of their dental apparatus is in 
accordance with this peculiarity. The lower jaw, as before 
said, articulates with the skull by means of a quadrate bone (fig. 
138), and this in turn is movably jointed to the cranium. The 
two halves of the lower jaw are also merely united loosely in 
front by ligaments and muscles. In consequence of this peculiar 
arrangement of parts, the serpents have the power of opening 
the mouth to an extraordinary width, and they can perform the 
most astonishing feats in the way of swallowing. The teeth are 
simply fitted for seizing and.holding the prey, but not in any 


Fig. 143.-—A, Diagrammatic Section of theiEye of a Viper (after Cloquet).: a Eye- 
ball ; 4 Optic nerve ; ¢ Chamber into which the tears are poured ; d Epidermic 
layer covering the eye. B, Head of the common Viper (after Bell), showing the 
poison-fangs. 

way for chewing or dividing it. In the harmless snakes the 
teeth are in the form of solid cones, which are arranged in rows 
round the whole of the upper and lower jaws, a double row 
existing on the palate as well. In the venomous snakes, on the 
other hand, the ordinary teeth are usually wanting upon the 
upper jaws, and these bones are themselves much reduced in 
size. In place of the ordinary teeth, however, the upper jaws 
carry the so-called “ poison-fangs” (fig. 143, B). These are a 
pair of long curved fangs, one on each maxilla or upper jaw- 
bone, which, when not in use, are pointed backwards, but can 
be raised at will by special muscles, by the elevation of the 
movable maxillz. Each tooth is perforated by a fine canal or 
tube, which opens by a distinct aperture at the point of the 
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fang, and is connected with the duct of the “ poison-gland.” 
This is a gland, situated under and behind the eye, secreting 
the poisonous fluid which renders the bites of these snakes dan- 
gerous or fatal. When the serpent strikes at any animal, the 
poison is forced through the poison-fang into the wound, partly 
by the contractions of the muscular walls of the gland, and partly 
by the compressive action of the muscles of the jaws. In some 
other snakes, several of which are not certainly known to be 
venomous, there are large grooved fangs placed far back in the 
mouth upon the upper jaw. 

Of the non-venomous harmless snakes, we have an excellent 
instance in our common Ringed Snake (Coluber natrix), which 
is of frequent occurrence in most parts of this country. Like all 
the snakes, it is strictly carnivorous, having a special liking for 
frogs, which it swallows whole. It oftentakes to the water, and 
can swim rapidly and gracefully, though in this respect it is ex- 
celled by the true venomous water-snakes (Wydrophide), which 
are adapted to an aquatic life by having a compressed swim- 
ming-tail, Other non-venomous snakes, such as the Boas and 
Pythons, though destitute of poison-fangs, are nevertheless 
highly dangerous and destructive animals. Their bite is harm- 
less, and they seize their prey by coiling themselves round it in 
numerous folds. By gradually tightening .these folds, they 
reduce their victim .to the condition of a shapeless bolus, which 
they finally proceed to swallow whole. In this way, a large 
Python or Boa will certainly succeed in disposing of an animal 
as large as a sheep or calf; and it has been asserted that human 
beings, and even oxen, can also be swallowed by unusually large 
specimens of this family. 

The Boas and Pythons have a horny spur on each side of the 
vent, and the tail is prehensile. Their dental apparatus is 
extremely powerful, giving them a firm hold for the constriction 
of their prey. They are the largest of all. the serpents, attaining 
a length of thirty to forty feet. The true Boas and Anacondas 
belong to the New World, but the Pythons are confined to 
India, Africa, and the Indian Archipelago. 

The poisonous snakes are represented by the Cvofalide of 
the New World and the Vzferide of the Old World. The 
common Rattlesnake (Crotalus horridus) of the United States 
has the extremity of the tail furnished with a “rattle” or horny 
appendage composed of several membranous cells of a pyramidal 
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shape articulated one within the other. Before striking its prey, 
it throws itself into a coil, and shakes its rattle. Another 
highly-dangerous species is the Copperhead (Z7rigonocephalus 
contortrix). The common European viper (Pelzas berus) is 
hardly fatal to adults, but its bite causes serious inflammation, 
Other venomous snakes of evil notoriety are the Death-adder 
(Acanthophis tortor) of Australia, the Puff-adder (Vipera inflata) 
of South Africa, the Horned Viper (Cevastes cornutus) of Egypt, 
and the Harlequin-snakes (£/afs), but many others are equally 
dangerous. 

Equally venomous with the worst of the Viperine snakes are 
some of the Colubrine snakes, such as the deadly Cobra di 
Capello (Waza tripudians) of India, and the nearly allied Naja 
haje (fig. 142) of Africa. 


ORDER III. LACERTILIA.—The third order of reptiles is that 
of the Lacertzdza, comprising all the animals which are properly 
known as Lizards, together with some snake-like creatures, such 
as the Blind-worm. They are distinguished by the following 
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Fig, 144.—Iguana. 


characters : Usually there are two pairs of well-developed limbs, 
but there may be only one pair, or all the limbs may be rudi- 
mentary. In all cases, however, a scapular arch is present. 
The vertebrae are usually hollow in front (frocelous), rarely 
hollow at both ends (amphicelous). In no living Lacertilian 
are the teeth lodged in distinct sockets. The eyes are mostly 
furnished with movable eyelids. 

As a general rule, the animals included under this head have 
four well-developed legs, and would therefore be popularly 
called “ Lizards.” Some of them, however, such as the common 
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Blind-worm (Angus fragilis) of our own country, exhibit no 
external indications of limbs, and would therefore be generally 
regarded as Snakes. ‘These snake-like Lizards, however, can 
be distinguished from the true Ophidians by the consolidation 
of the bones of the head and jaws, and by the fact that the eyes 
are generally provided with movable eyelids. Dissection also 
shows that the shoulder-girdle (or scapular arch) is always 
present in a rudimentary condition. 

Few Lizards are natives of Britain ; the only forms which can. 
be said to be at all abundant being the Blind-worm or Slow- 
worm and the Sand-lizard (Lacerta agilis). Of the snake-like 


Fig. 145.—Blind-worm (Anguis fragilis). (After Bell.) 


Lizards, a good example is to be found in the common Blind- 
worm or Slow-worm of Europe. It is completely serpentiform, 
without any external indications of limbs (fig. 145), and it is 
quite harmless. It is remarkable for the fact that, when 
alarmed, it stiffens its muscles to such an extent that the tail 
can readily be broken off, as if it were brittle. This same 
brittleness exists in the Glass-snake (Ophisaurus ventralis) of 
the Southern States, in which also there are nolimbs. In other 
allied genera, there may be fore-feet alone, or hind-feet may be 
present, or all four limbs exist in a more or less rudimentary 
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condition. In the true Lizards (Lacerta), all four limbs are 
present in a well-developed form ; as seen in the common Green 
Lizard (Z. vividis) of Europe. The genus Lacer/a is represented 
in America by the A mezve, of which the Striped Lizard (A mezva 
sex-lineata) of the Southern States may be taken as a good 
example. Of all living Lizards the largest are the Monitors 
(Varanide), which are exclusively confined to the Old World, 
and attain sometimes a length of from six to eight feet. Very 
large, too, are some of the Iguanas (fig. 144), which occur in 
warm regions in various parts of the world, but especially in 
South America, where they are often eaten. Related to the 
Iguanas are the singular Lizards known as the Flying Dragons 
(Draco volans), various species of which inhabit the Indian 
Archipelago and the East Indies. They are all of small size, 
living in trees and feeding on insects; and their great pe- 
culiarity consists in the fact that certain of the ribs are 
straightened out and support a wing-like fold of the skin on 
each side of the body, by means of which the animal can take 
very extensive leaps from tree to tree. 

The Scincoid Lizards form a very large family, represented 
by numerous species in all parts of the world. The species 


Fig. 145@.—The common Skink (Scincus officinalis). 


figured above is a common form in Egypt and Arabia, and was 
formerly used as a remedy in various diseases. A nearly-allied 
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species is the Blue-tailed Lizard (Sczucus fasciatus) of the United 
States. 

The Geckos (Geckotide@) form a large group of night-loving 
Lizards, which are found in most parts of the world, and chiefly 
deserve notice from the fact that their eyes are not provided 
with movable eyelids. ‘The Chameleons, also, cannot be said 
to possess movable eyelids, for the eye is covered with a single 
lid, leaving only a central aperture for the pupil. The common 
species (Chameleo Africanus) occurs abundantly in the north 
of Africa, and has long been known for the changes of colour 
which it has the power of exhibiting. It is a sluggish animal, | 
and catches insects by darting out its long and Brotrusible 
tongue with extreme rapidity. 


ORDER IV, CROCODILIA.—The last and highest order of the 
living Reptiles is that of the Cvocodzlia, comprising the Croco- 
diles, Alligators, and Gavials, and characterised by the follow- 
ing peculiarities : The outer or integumentary skeleton consists 
partly of horny scales developed by the outer layer of the skin, — 
and partly of large bony plates produced by the inner layer of 
the skin, The bones of the skull and face are firmly united, 
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Fig. 146.—Skull of young Crocodilus biporcatus (after Van der Hoven). 


and the two halves of the lower jaw are joined by a distinct 
suture. The teeth form a single row in both jaws, and are im- 
planted in distinct and separate sockets. The front ribs of the 
trunk are double-headed, and there are no collar-bones, The 
heart consists of four distinct chambers, two auricles and two 
ventricles, all completely separated from one another. The 
mixture of arterial and venous blood, however, which is so 
characteristic of Reptiles, is provided for by a communication 
between the great vessels which spring from the two ventricles 
in the immediate neighbourhood of the heart. The eyes are 
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protected by movable eyelids, and the ear by a movable ear-lid. 
The tongue is large and fleshy, and is immovably attached to 
the bottom of the mouth (hence the belief of the ancients that 
the Crocodile had no tongue). Lastly, the Cvrocodilia agree 
with the typical Lizards, and differ from the Snakes in having 
four well-developed limbs. 

The Crocodi/ia abound in the fresh waters of hot climates, 
and are the largest of all living Reptiles, not uncommonly at- 
taining a length of sixteen feet or upwards. The best known 
of the Crocodilia is the Nilotic Crocodile (fig. 147), which occurs 
abundantly in Egypt, and was described by both Herodotus 
and Aristotle. 

The true Crocodiles have the feet completely webbed, the 
hind-legs bordered by a fringe, and the fourth tooth in the lower 
jaw received in a notch on the side of the upper jaw. They 


Fig. 147.—Head and fore-part of the body of the common Crocodile (Cvocodilus 


vulgaris). 


belong mainly to Africa and Asia, but they are also represented 
in the West Indies and in South America. 

The Alligators have the hind-legs simply rounded, and the 
toes not completely webbed ; while the fourth tooth in the lower 
jaw fits into a cavity in the palate, and is concealed from view 
when the mouth is shut. Like the Crocodiles, they are essen- 
tially aquatic in their habits, and lie dormant during the winter 
in cold climates and the hot season in warm countries. They 
are extremely voracious, and live upon fish and small Mammals. 
The best-known species are the common Alligator (4. A/Zsszs- 
stppiensis) of the Southern States, the Caiman (A. palpebrosus) 
of Surinam and Guiana, and the “‘ Jacaré” (A. sclerops) of South 
America. 

The Gavial or Gangetic Crocodile occurs in India, and is 
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distinguished by its narrow, elongated jaws, forming a kind of 
beak. It attains a length of more than ten feet. 


ORDER V. ICHTHYOPTERYGIA,—In this order are included a 
number of gigantic fish-like Reptiles, which are all extinct, and 
are characteristic of the Secondary period of geology, and 
especially of the formation known as the Lias. The chief 
characters by which they are distinguished have reference to 
their purely aquatic life, for there can be no doubt that they 
were inhabitants of the sea. Thus the body was fish-like with- 
out any distinct neck. The vertebrae were hollow at both ends 
(amphicelous), and the. spine thus possessed the flexibility and 
power of motion so characteristic of the true fishes. The limbs 
also constituted powerful swimming-paddles (fig. 148), and it is 
probable that there was a vertical tail-fin. 

Much has been gathered from various sources as tOe the 
habits of the /chthyosauri, and their history is one of the most 
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Fig. 148.—Jchthyosaurus communis. 


interesting chapters in the geological record. That they chiefly 
kept to open seas may be inferred from their strong and well- 
developed swimming apparatus ; but the presence of a power- 
ful bony arch supporting the fore-limbs proves that they must 
occasionally have betaken themselves to the land. That they 
were tenants of stormy waters, or were in the habit of diving in 
search of prey, has been inferred from the fact that the eyeball 
is protected from pressure by a ring of bony plates. That they 
possessed great powers of vision, especially in the dusk, seems 
to be rendered certain from the size of the pupil and the enor- 
mous width of the bony cavities (orbits) which contained the 
eyes. Lastly, that they were carnivorous and predacious in the 
highest degree is shown by their wide mouths, long jaws, and 
numerous powerful and pointed teeth. This is also proved by 
an examination of their petrified droppings, which are known 
as “coprolites,” and which contain in abundance undigested 
fragments of fishes and other marine animals, 
S 
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ORDER VI. SAUROPTERYGIA.—The Reptiles belonging to 
this order agree with the last in being all extinct, and in being 
confined to the Secondary period of geology. The best known 
are the Plestosaurz, which resembled the /chthyosauri in having 
all the limbs converted into swimming-paddles, but differed in 
several respects, of which the most obvious is the great elon- 
gation of the neck (fig. 149), The Plestosauri were gigantic 
marine Reptiles, chiefly characteristic of the formations known 
as the Lias and Oolites. As regards the habits of the Pleszo= 
saurus, Dr Conybeare concludes: “That it was aquatic is 
evident from the form of its paddles; that it was marine is 
almost equally so from the remains with which it is universally 
associated ; that it may have occasionally visited the shore, the 
resemblance of its extremities to those of the Turtle may lead 
us to conjecture ; its movements, however, must have been very 
awkward on land; and its long neck must have impeded its 


Fig. 149.—Plesiosaurus dolichodetrus. 


progress through the water, presenting a striking contrast to 
the organisation which so admirably fits the Ichthyosaurus to 
cut through the waves.” As its breathing-organs are such that 
it must of necessity have required to obtain air frequently, it 
may be inferred “that it swam upon or near the surface, arch- 
ing back its long neck like a swan, and occasionally darting it 
down at the fish which happened to float within its reach. It 
may perhaps have lurked in shoal-water along the coast, con- 
cealed amongst the sea-weed, and, raising its nostrils to a level 
with the surface from a considerable depth, may have found a 
secure retreat from the assaults of powerful enemies ; whilst the 
length and flexibility of its neck may have compensated for the 
want of strength in its jaws and its incapacity for swift motion 
through the water.” 


ORDER VII. PTEROSAURIA.—The Reptiles of this order are 
all extinct, and, like those of the preceding orders, are exclusively 
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confined to the Secondary period of geology. The most fami- 
liar examples are the so-called Pterodactyles, and the distin- 
guishing characters of the order have reference to the fact that 
they were all adapted for an aerial life. They present, in fact, 
an extraordinary combination of the characters of birds and 
reptiles, and they make also some approach to the Mammalian 
order of the Bats. In the presence of teeth in distinct sockets, 
and, as we shall see hereafter, in the structure of the fore-limbs, 
the Pterodactyles differ altogether from all known birds; and 
there can be little doubt as to their being genuine reptiles. The 
only living Reptile which has any power of sustaining itself 
in the air is the little Draco volans, which has been previously 
mentioned. In this case, however, the animal has no power of 
true flight, but is simply enabled to take extensive leaps by 


Fig. 150.—Prerodactylus brevirostris, the skeleton and the animal restored. 


means of a membranous expansion on each side of the body. In 
the Bats, again, the power of genuine flight is present ; and this 
is given by means of a leathery membrane which is supported 
chiefly by certain of the fingers—which are greatly lengthened— 
and is attached to the sides of the body and hind-limbs. 

In the Pterodactyles the power of true flight was present ; 
and this was also conditioned by means of a leathery expanded 
membrane, attached to the hind-limbs, the sides of the body, 
and the fore-limbs. In this case, however, the chief support of 
the flying-membrane was derived from the outermost finger of 
the fore-limb, which was enormously elongated (fig. 150). That 
the Pterodactyles passed their existence chiefly in the air, and 
did not simply leap from tree to tree, is shown by two characters 
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in which they agree with the flying birds. Many of the bones, 
namely, were “pneumatic’”—that is to say, were hollow, and 
were filled with air, thus giving the animal the degree of light- 
ness necessary for flight. Secondly, whilst the shoulder-girdle 
has many of the characters of birds, the breastbone (sternum) 
is furnished with a prominent ridge or keel, serving -for the 
attachment of the great muscles which work the wings. There 
can be no doubt, therefore, as to the Pterodactyles having 
enjoyed the power of genuine flight. Many of them attained 
no great size, but some of them must have been gigantic, the 
expanse of wing in one species having been calculated at pro- 
bably about twenty-seven feet from tip to tip. 
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CLAP aART SOE 
CLASS IV. AVES. 


THE fourth class of the Vertebrates is that of the Birds or Aves, 
which may be shortly defined as being “ oviparous Vertebrates, 
with warm blood, a double circulation, and a covering of fea- 
thers” (Owen). The other leading characters which separate 
the Birds from the other Vertedrata are that the red blood-cor- 
puscles are nucleated, the skull articulates with the spine by a 
single articulating surface (or condyle), the breathing-organs are 
in the form of lungs, which communicate with a variable num- 
ber of air-sacs scattered through the body, and the fore-limbs 
are never terminated (in existing birds) by more than two fingers, 
ending in claws, and are generally modified so as to form “wings” 
or organs of flight. 

The feathers, which form such a distinctive character of birds, 
are formed by a modification of the outer layer of the skin (epi- 
dermis), and from their non-conducting nature they serve to 
maintain the high temperature of the body which is so charac- 
teristic of the class. A typical feather, such as one of the long 
feathers of the tail or wing, consists of the following parts: 1. 
A horny cylindrical tube, which forms the lowest portion of the 
feather, and is termed the “quill.” 2. The “shaft,” which forms 
the central axis of the feather, and which is simply the continu- 
ation of the “quill.” The under surface of the shaft is always 
marked by a strong longitudinal groove, and it consists of a 
horny sheath, filled with a white spongy material, not unlike 
the pith of a plant. 3. The “ webs,” which form the lateral ex- 
pansions of the feather, and are attached to the sides of the 
shaft. Each web is composed of a number of small branches, 
called the “barbs,” and each barb, in turn, is furnished with a 
series of smaller fibres called the “‘barbules.” As a rule, the 
barbs are all kept in connection with one another by means of 
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the barbules, the ends of which are hooked. Towards the base 
of the shaft, however, the barbs are usually more or less sepa- 
rate and placed at a distance from one another, constituting 
what is known as the “down.” In the Ostriches and the birds 
allied to them, all the barbs are disunited and placed at a dis- 
tance, and they are often not at all unlike hairs in appearance. 
The feathers of birds not only greatly conduce to the high tem- 
perature of the body, but also serve to keep out moisture, to 
which end there is a peculiar oil-gland at the base of the tail, 
with the secretion of which the bird anoints its plumage. 

The skeleton of birds exhibits many points of peculiar interest, 
mostly in adaptation to an aerial mode of life; but only some 
of the more important of these can be noticed here. The entire 
skeleton is at the same time peculiarly compact and singularly 
light, the compactness being due to the presence of an unusual 
quantity of phosphate of lime, and the lightness to the fact that 
many of the bones are filled with air in place of marrow. The 
cervical region (neck) of the vertebral column is unusually long 
and flexible, since the fore-limbs are useless as organs of pre- 
hension, and all these functions have to be performed by the 
beak. In all birds the neck is, at any rate, sufficiently long to 
allow of the application of the beak to the tail, so as to permit 
of the cleaning and oiling of the whole plumage. The vertebrz 
which form the back or dorsal region of the spine are generally 
more or less immovably connected together, so as to give a 
base of resistance to the wings. In the Ostrich, however, and 
in other birds, in which the power of flight is either very limited 
or is absent, the dorsal vertebrae are more or less movable one 
upon the other. The vertebra which follow the dorsal region 
of the spine are all amalgamated together to form a single bony 
mass, which is termed the “sacrum,” and this, in turn, is united 
on both sides with the bones which form the pelvic arch, which 
carries the hind-limbs. The vertebrz of the tail are more or 
less movable upon one another ; and in almost all living birds, 
when fully grown, the last joint of the tail (fig. 152, B, s) is a 
long, slender, ploughshare-shaped bone, which is really com- 
posed of several vertebrze united together. It is usually set on 
at an angle nearly perpendicular to the axis of the body, and it 
serves to support the great tail-feathers, which act as a rudder 
during flight. It also serves to support the oil-gland, which 
supplies the secretion with which the feathers are lubricated. 
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The skull in birds has its several bones generally so amal- 
gamated in the adult, that it forms a bony case of a single piece, 
the lower jaw alone remaining movable. The head is jointed 
to the spine by no more than a single articulating surface or 
condyle. The beak, which forms such a conspicuous feature 
in birds, is composed of two halves, an upper half or “ upper 
mandible,” and a “lower mandible.” The lower mandible, 
like the lower jaw of all the Sauropszda, is at first composed of 
several pieces, but these are all undistinguishably united in the 
adult, and the two halves of the jaw are also amalgamated 
together. Inno adult bird are /ee¢h ever developed in either 
mandible ; but both mandibles are sheathed in horn, constitut- 
ing the “ beak,” and the margins of this sheath are sometimes 
serrated, 

The most characteristic points, however, in the skeleton of the 
birds, are to be found in the structure of the limbs. The cavity 
of the chest or thorax is bounded behind by the dorsal vertebrae, 
on the sides by the ribs, and in front by the breastbone or 
sternum. ‘The ribs vary in number from seven to eleven pairs, 
and in most birds each rib gives off a peculiar process (fig. 151, 
B), which passes over the rib next in succession behind. In 
front the ribs are jointed to a series of straight bones, which are 
called the “sternal ribs,” and these, in turn, are movably articu- 
lated to the breastbone in front. According to Owen, these 
sternal ribs are “the centres upon which the respiratory move- 
ments hinge.” In front the cavity of the chest is completed by 
an enormously-expanded breastbone or sternum (fig. 151, A), 
which, in most birds of any powers of flight, extends more or 
less over the abdominal cavity as well. The sternum of all birds 
which possess the power of flight is characterised by the pre- 
sence of a prominent ridge or “keel” (fig. 151, A, 8), to which 
are attached the great muscles (pectoral muscles) which move 
the wings. As a general rule, the size of this crest or keel gives 
atolerably just estimate of the flying powers of the bird to which 
it belonged. The keel is, of course, most largely developed in 
those birds which possess the power of flight in its greatest per- 
fection ; and in those which do not fly, such as the Ostrich, there 
is no sternal keel at all. The pectoral arch or shoulder-girdle of 
birds, consists of the shoulder-blades (scapu/e), the clavicles or 
collar-bones, and of two bones, which are distinct in birds, and 
are called the “ coracoid bones.” The shoulder-blades (ss) are 
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usually long and narrow bones. The coracoid bones (£ £) cor- 
respond with the part of the shoulder-blade which is known in 
most of the Mammals as the “coracoid process ;” and in birds 
they are not only separate bones, but they are the strongest 
bones of the pectoral arch. They are more or less nearly verti- 
cal, and they form fixed points for the downward stroke of the 
wing. The collar-bones or clavicles (c) in the great majority 
of birds are united together in front, so as to form a somewhat 


Fig. 151.—A, Breastbone, shoulder-girdle, and fore-limb of Penguin (after Owen) : 
6 Breastbone (stermum), with its prominent ridge or keel; s s Shoulder-blades 
(scapula); & k Coracoid benes; c Furculum or merry-thought, composed of 
the united collar-bones (clavicles); hk Bone of the upper arm or humerus; r 
Radius ; 2 Ulna, forming together the fore-arm ; g Bones of the wrist or carpus; 
¢ Thumb; az Metacarpus ; # Phalanges of the fingers. B Ribs of the Golden 
Eagle; a a Ribs giving off processes (8 4) ; c ¢ Sternal ribs. 


V-shaped bone, which is technically called the ‘“ furculum,” 
but is familiarly called the “merry-thought.” The function 
of this clavicular arch is to keep the wings asunder during 
their downward stroke, and the strength of the furculum varies, 
therefore, with the powers of flight enjoyed by each bird. The 
bones which form the limb proper, or “ wing,” are considerably 
modified to suit the special function of flight, but essentially 
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the same parts are present as in the fore-limb of the Mammals, 
The upper arm is constituted by a single bone, the Aumerus (h), 
which is generally short and stout. The fore-arm is composed of 
two bones, the radius (vr) and the udna (u), of which the ulna is 
the bigger. These are followed by the small bones, which form 
the wrist or carpus (g), but these are reduced to zwo in number. 
The carpus is followed by the bones which constitute the root 
of the hand or metacarpus (m), but these are also reduced to 
two, instead of being five in number, as they are in most Mam- 
mals. The two metacarpal bones are also amalgamated together 
at both ends, so as to form a single piece, at the base of which, 
on its outer side, is a rudimentary digit, the “thumb” (¢), which 
carries a tuft of feathers, known as the “bastard wing.” The 
metacarpal bones, finally, support each a single finger (4), of 
which one is never composed of more than one bone or phalanx, 
whilst the other is composed of two or three phalanges. (To 
understand thoroughly the leading modifications of the limbs of 
birds, the student will do well to refer to the general description 
of the limbs of Vertebrates, pp. 220, 221, figs. 118, 110.) 

As regards the composition of the hind-limb in birds, the two 
halves of the pelvic arch (zz., the zanominate bones) always form 
a single piece each, and they are always firmly united with the 
sacral region of the spine. With the single exception, however, 
of the Ostrich, they do not unite below, but remain separate. 
As in the higher Vertebrates, the lower limb consists of a thigh- 
bone (femur), a shank, composed of two bones (¢/dza and fibula), 
a tarsus, a metatarsus, and phalanges, but some of these parts 
are obscured by coalescence. The thigh-bone or femur (fig. 
152, /), is generally very short, comparatively speaking ; and the 
chief bone of the leg is the ¢dza (2), to which a thin and taper- 
ing fibula (7) is attached. In the regular typical limb of a Ver- 
tebrate animal the tibia and fibula would be followed by a series 
of small bones, called the ¢arsus, constituting the ankle-joint 
(fig. 119) ; and the tarsus would in turn be followed by a series 
of bones constituting the root of the foot, or metatarsus. In 
birds, however, the tibia and fibula are followed by a single 
cylindrical bone, which is called the “tarso-metatarsus” (2), 
and which is formed by the amalgamation of the entire meta- 
tarsus with the whole or a portion of the tarsus. The most 
probable view is that only the /ower portion of the tarsus is 
present in the tarso-metatarsus, and that the wfZer portion of 
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the tarsus is fused with the lower end of the tibia. In this case 
the ankle-joint is placed in the middle of the tarsus. In most 
of the long-legged birds it is by the great elongation of the 
tarso-metatarsus that the enormous length of the legs is pro- 
duced. The tarso-metatarsus is followed below by the foot, 
which consists in most birds of four toes, of which three are 
directed forwards and one backwards. if no wild birds are 


Fig. 152.—A, Pelvisand bones of the Leg of the Loon or Diver (after Owen): z 
Innominate bone ;_f Thigh-bone (femur) ; ¢ Tibia, x Fibula, together forming the 
shank ; #z ‘Tarso-metatarsus ; # Phalanges of the toes. B, Tail of the Golden 
Eagle: s Ploughshare-shaped bone, carrying the great tail-feathers, 


there more than four toes; but some domesticated varieties 
possess a fifth. In all birds with four toes, the toe which is 
directed backwards consists of two phalanges ; the innermost of 
the three forward toes has three phalanges, the next has four, 
and the outermost or little toe is composed of five. In many 
birds, such as the Parrots, the little toe is turned backwards, so 
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that there are two toes in front and two behind. In the Swifts, 
again, all the four toes are turned forwards. In many of the 
swimming birds (/Va¢azores) the hinder toe is wanting or rudi- 
mentary ; and in the Ostrich both this and the next toe are 
absent, so that the foot consists of no more than two toes. 

The digestive system in Birds consists of the beak, tongue, 
gullet, stornach, intestine, and cloaca, with certain accessory 
glands. There are no teeth, and the beak is employed, in 
different birds, for holding and tearing the prey, for prehension, 
for climbing, and in some cases as an organ of touch, being 
in these last instances more or less soft, and supplied with 
nervous filaments. In many birds, too, the base of the bill 
is surrounded by a circle of naked skin, constituting what 
is called the “cere,” and this too serves as an organ of 
touch. The tongue of birds can rarely be looked upon as an 
organ of taste, since it is generally cased in horn, like the man- 
dibles. It is principally employed as an organ of prehension, 
but it is soft and fleshy in the Parrots, and in them, doubtless, 
acts as an organ of taste. Salivary glands are always present, 
but they are rarely of large size, and are often of extremely 
simple structure. In accordance with the length of the neck, 
the gullet is usually very long in birds, and is generally very 
dilatable. In the flesh-eating and grain-eating birds the gullet 
is dilated (fig. 153, c) into a pouch which is called the “crop,” 
and is situated in the lower part of the neck, just in front of 
the merry-thought. This may be simply a dilatation of the 
tube of the gullet, or it may be a single or double pouch. The 
function of the crop is to detain the food, for a longer or shorter 
period according to its nature, before it is submitted to the 
action of the proper digestive organs. In the Pigeons, the food 
which has been previously softened in the crop is returned to 
the mouth, and supplied to the young in a state suitable for 
digestion. The gullet, after leaving the crop, shortly opens 
into a second cavity, called the “proventriculus,” which is the 
true digesting stomach, and is richly supplied with glands 
which secrete the digestive fluid or gastric juice (f). This, in 
turn, opens into a muscular cavity which is called the “ giz- 
zard” (g), and which leads into the commencement of the small 
intestine. The characters of the gizzard vary with the nature 
of the food. In the birds of prey, which live on an easily- 
digested animal diet, the walls of the gizzard are thin and 
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membranous. In the grain-eating birds, such as the fowls, 
whose hard food requires to be crushed before it can be pro- 
perly digested, the walls of the gizzard are extremely thick and 
muscular, and the inner lining is hard and horny. In these 
birds the gizzard constitutes a kind of grinding apparatus, like 
the stones of a mill; whilst the “crop” may be compared tothe 
“hopper” of the mill, since it supplies to the gizzard “small 
successive quantities of food as it is wanted” (Owen). The 
grinding action of the gizzard is further assisted by the small 


Fig, 153-—Digestive System of the common Fowl (after Owen). 0 Gullet ; ¢ Crop ; 
# Proventriculus ; ¢ Gizzard ; s#z Small intestine; & Intestinal ceca; / Large 
intestine ; cZ Cloaca, 


pebbles and gravel which, as is well known, so many birds are 
in the habit of swallowing. These pebbles take the place of 
teeth, and there can be no doubt that they are in many cases 
essential to health, the bird being otherwise unable to triturate 
its food properly. The intestinal canal extends from the giz- 
zard to the cloaca (c/), and is comparatively short. The secre- 
tions of the liver and pancreas’ are poured into the commence- 
ment of the small intestine. The commencement of the large 
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intestine is furnished in most birds with two blind tubes or 
“caeca” (#). These vary considerably in length in different 
birds, and are sometimes wanting ; whilst their exact function 
is still questionable. The large intestine is seldom more than 
a tenth part of the length of the body, and is generally con- 
ducted straight from the ceca to the cloaca. The cloaca 
is a common cavity which in birds, as in Reptiles, receives the 
termination of the intestine and the ducts of the generative 
and urinary organs (c/). 

Respiration is effected in birds more completely, extensively, 
and actively than in any other class of the Vertebrata, and, as 
the result of this, their average temperature is higher than 
in any other Vertebrates. This extensive development of the 
respiratory process is due to the fact that air is admitted in 
Birds not only to the lungs, but also to the interior of a greater 
or less number of the bones, and to a series of air-receptacles 
which are scattered through various parts of the body. The 
lungs are two in number, of a bright-red colour, and spongy 
texture, and they are confined to the back part of the chest. 
They differ from the lungs of Mammals in not being freely 
suspended in a membranous bag (Pleura), but in being fixed 
to the back wall of the chest. The thoracic and abdominal 
cavities are not separated from one another by a complete par- 
tition (midriff or diaphragm) as the Mammals, but the com- 
mon thoracico-abdominal cavity is subdivided by means of 
membranous partitions into a series of cavities or sacs, which 
are termed the “air-receptacles.” These air-sacs are filled 
with air from the lungs, and vary considerably in number and 
size in different birds. They serve not only greatly to reduce 
the specific gravity of the body, but also assist largely in the 
aeration of the blood. Connected with the air-receptacles, 
and supplementing their action in both of these respects, is a 
series of cavities occupying the interior of a greater or less 
number of the bones, and also containing air. In young birds 
these air-cavities in the bones do not exist, and the bones are 
simply filled with marrow, as in the Mammals. In the Pen- 
guin, which does not fly, none of the bones contain air-Cavities 
or are “pneumatic ;” and in the Ostrich only a few of the bones 
contain air. Inthe Pelican and Gannet all the bones of the 
skeleton, except the phalanges of the toes, are permeated by 
air; and in the Hornbill even these are pneumatic. 
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The ear¢t in all birds consists of four chambers, and the 
two sides of the heart are completely separated from one 
another, In all essential details, as regards the structure of the 
heart and great vessels, and the course of the circulating fluid, 
Birds agree with Mammals. The impure venous blood which 
has traversed the body, is returned by the great veins to the 
right auricle. From the right auricle it passes into the right 
ventricle, from which it is driven by the pulmonary artery to 
the lungs. Having been submitted to the action of the air con- 
tained in the lungs, and having been thereby changed into ar-. 
terial blood, the blood is sent back to the left auricle by means 
of the pulmonary veins. Thence it passes into the left ventricle, 
by which it is again propelled throughout the whole body, to 
return again as venous blood to the right side of the heart. The 
heart, therefore, of birds, differs from that of reptiles in consist- 
ing of two sides, each composed of an auricle and ventricle, the 
right side being wholly concerned with sending the venous blood 
to the lungs, and the left side being entirely occupied with send- 
ing the arterial blood to the body. The right side of the heart 
is therefore venous, the left side arterial. In all Reptiles, on 
the other hand, the two circulations—namely, that through the 
lungs and that through the body—communicate with one an- 
other, either in the heart itself or in its immédiate neighbour- 
hood; so that both the lungs and the body are supplied with 
a mixture of venous with arterial blood. Though the heart of 
Birds resembles that of Mammals in general structure, its ca- 
vities are “relatively stronger, their valvular mechanism is more 
perfect, and the contractions of this organ are more forcible and 
frequent in Birds, in accordance with their more extended res- 
piration and their more energetic muscular actions” (Owen). 
The urinary organs of birds consist of two elongated kidneys, 
which open by means of their ducts (the ureters) into the 
cloaca, along with the termination of the intestine and the 
ducts of the reproductive organs. As a general rule, the female 
bird is provided with only a single ovary—that of the left side 
—and all birds, without exception, are oviparous. ‘The egg is 
always enclosed in a calcareous shell, and is developed after 
expulsion from the body, by the process of “incubation” or 
“ brooding ”—a process for which birds are especially adapted, 
in consequence of their very high average temperature. The 
young bird, when ready for an independent existence, perforates 
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the shell, often by means of a temporary calcareous excrescence 
developed upon the point of the upper mandible of the bill. In 
some birds, mostly in the case of those which live upon the 
ground, the young are able to run about and look for food 
directly after they come out of the egg (Aves precoces), as is 
seen in the common Fowl. In most birds, however, the young 
are liberated from the egg in a perfectly helpless and naked 
condition, and require to be fed by their parents for a longer or 
shorter time, before they are able to take care of themselves. 
Most of these birds (Aves altrices), such as our common song- 
birds, reside in trees, and build more or less elaborate nests. 

As regards their zervous system, the brain of Birds is relatively 
larger than the brain of Reptiles, but it is destitute of those 
folds or convolutions which form so marked.a feature in the 
brain of most Mammals. The organs of sense, with the excep- 
tion of touch and taste, are well developed in Birds, vision es- 
pecially being generally extremely acute. The eyes are always 
well developed, and in no bird are they ever wanting or rudi- 
mentary, The chief peculiarity of the eye of Birds is, that its 
anterior portion (cornea) forms the segment of a much smaller 
circle than does the eyeball proper; so that the whole eye as- 
sumes a conical shape. Another peculiarity is that the form of 
the eye is maintained by means of a circle of from thirteen to 
twenty bony plates, which are placed in the front portion of the 
fibrous coat of the eye (sclerotic). Eyelashes are almost uni- 
versally absent ; but in addition to the ordinary upper and 
lower eyelids, birds possess a third membranous eyelid—the 
membrana nictttans—which is placed on the inner side of the 
eye. This nictitating membrane is sometimes transparent, 
sometimes pearly white, and it can be drawn over the front of 
the eye like a curtain, moderating the too great intensity of the 
light. As regards the organ of hearing, the chief point to re- 
mark is that Birds possess no external ear, by means of which 
the undulations of sound can be collected and transmitted to 
the internal ear. In some birds, however, as the Ostrich, the 
external opening of the organ of hearing is provided with a 
circle of feathers, which can be raised and depressed at will. 
In the nocturnal Birds, also (such as Owls), the external open- 
ing of the ear is protected by a musculo-membranous valve, 
foreshadowing the gristly external ear of Mammals. The 
sense of smell is apparently seldom very acute in Birds, and 
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even the Birds of Prey appear to seek their food mainly by 
the sight. The external nostrils are usually placed on the sides 
of the upper mandible, near its base, and form simple perfora- 
tions which sometimes communicate from side to side. In the 
curious Apiteryx of New Zealand, the nostrils are placed at the 
extreme end of the elongated beak. Sometimes the nostrils 
are defended by bristles, and sometimes by a cartilaginous 
scale. 

Before passing on to a consideration of the divisions of Birds, 
a few words may be said on the migrations of Birds. In tem- 
perate and cold climates, few birds remain constantly in the 
same region in which they were originally hatched. Those 
which do so are called “permanent birds” (aves manentes). 
Other birds, such as the Woodpeckers, migrate from place to 
place without following any very definite course, These are 
called “ wandering birds” (aves erratice), and their movements 
are chiefly conditioned by the scarcity or abundance of food in 
any particular locality. Other birds, however, at certain seasons 
of the year, undertake long journeys, usually uniting for this 
purpose into larger or smaller flocks. Such birds—of which 
the swallows are a familiar instance—are properly called “mi- 
gratory birds” (aves migratoriz); and their movements are 
conditioned by the necessity of having a certain average tem- 
perature, without which they cannot live. Thus the migra- 
tory birds of cold climates, when the cold season comes on, 
travel to warmer countries; but when the hot season of these 
regions approaches, they migrate back again to temperate 
zones. 
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CHAPTER XXX. 


DIVISIONS OF BIRDS. 


BIRDS may be variously divided, but for our present purpose 
it is most convenient to regard them as divided into the follow- 
ing eight orders :— 

I. Natatores or Swimming Birds, characterised by having 
the feet webbed, and the legs short and placed far back ; whilst 
the body is closely covered with feathers, and with a thick coat- 
ing of down next the skin. (#2. Ducks, Geese, Pelicans.) 

Il. Grallatores or Wading Birds, characterised by having 
very long legs, which are destitute of feathers from the lower 
end of the tibia downwards. The toes are usually long and 
straight, and are never connected to one another by membrane. 
(Ex. Curlews, Snipes, Herons, Storks.) 

Ill. Cursores or Running Birds, characterised by having very 
short wings, which are not used in flight; the breastbone is 
without a ridge or keel; the legs are very robust; and the hind 
toe is wanting or rudimentary. (x. Ostriches and Emeus.) 

IV. Rasores or Scratching Birds, characterised by usually 
having strong feet, with powerful blunt claws, used for scratch- 
ing. The upper mandible of the bill is strongly curved and 
vaulted, and the nostrils are pierced in a membranous space at 
its base, and are covered by a cartilaginous scale, (2%, Fowls, 
Pheasants, Pigeons.) 

V. Scansores or Climbing Birds, characterised by having a 
climbing foot, in which two toes are turned backwards and two 
forwards. (x. Woodpeckers, Parrots, Cuckoos.) 

VI. Lnusessoves or Perching Birds, characterised by having 
short and slender legs, with three toes in front and one behind, 
the whole foot being adapted for perching. (Ax. Larks, Linnets, 
Swallows, Crows, Humming-birds.) 

T 
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VII. Raptores or Birds of Prey, characterised by having a 
strong, sharp-edged, and sharp-pointed beak, adapted for tear- 
ing animal food, and by their robust legs, armed with four toes, 
three in front and one behind, all of which are furnished with 
long, strong, crooked claws or talons. (£2. Eagles, Hawks, Owls.) 

VIII. Saurure or Lizard-tailed Birds, characterised by 
having a tail longer than the body, composed of numerous 
distinct and movable vertebrze, each of which carries a single 
pair of quill-feathers. (This order includes only the remarkable 
fossil bird, the Archaeopteryx.) 


ORDER I, NATATORES.—The order of the Swimming Birds 
comprises birds which are as much at home in the water as upon 
land, or even more so. In accordance with their aquatic mode 


Fig. 154.—Natatores. A, Foot of the Cormorant; B, Beak of the Bean-Goose 
(after Jardine). 


of life, the Vatatores have a boat-shaped body, generally elon- 
gated, and usually having a long neck. The legs are short, and 
are placed behind the centre of gravity of the body ; this posi- 
tion enabling them to act admirably as swimming-paddles, at 
the same time that it renders the gait upon dry land compara- 
tively awkward and shuffling. The toes in all the Vatatores are’ 
webbed to a greater or less extent, or, in other words, are united 
by a membrane (fig. 154, A). In many the web or membrane 
between the toes is stretched completely from toe to toe, but in 
others the membrane is divided between the toes, so that the 
feet are only imperfectly webbed. As their aquatic mode of life 
exposes them to great reductions of temperature, the body in the 
Natatorial birds is closely covered with feathers, with a thick 
covering of down next the skin. They are further protected 
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against becoming wet whilst in the water by the great develop- 
ment of the oil-gland at the tail, by means of which the dense 
plumage is kept constantly oiled. As a rule, the Natatorial 
birds are polygamous, each male having several females ; and 
the young are hatched in a condition not requiring assistance 
from their parents, being able to swim about and procure food 
for themselves the instant they are liberated from the egg. 
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Fig. 155.—Natatores. Penguin (Spheniscus demersus). 


Amongst the more important families of the Va/atores may 
be enumerated the Penguins (Sphenzscide), the Auks (Alcide), 
the Gulls and Tegns (Lard), the Petrels (Procellaride), the 
Pelicans (Pelicanus), the Cormorants (Phalacrocorax), the Gan- 
nets (Sz/a), the Ducks (Axatine), the Geese (Anserine), and 
the Swans (Cygnide). 

The Penguins and Auks, with their allies the Divers, Guille- 
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mots and Grebes, have rudimentary, or at any rate small, 
wings, and are all more at home in the water than upon land. 
The Gulls, Terns, and Petrels, on the contrary, are all birds of 
powerful flight, and some of them, such as the Albatross, are 
habitually found hundreds of miles from the nearest land. 
The Pelicans, with their allies the Cormorants, Frigate-birds, 
and Darters, are excellent flyers, and also not uncommonly 
perch on trees, which few Natatorial birds do. They are dis- 
tinguished by having the hinder toe directed inward, and united 
to the innermost of the front toes by a continuous membrane. 
The Gannets, Ducks, Geese, and Swans, have the bill very much 
flattened and covered by a soft skin. The edges of the bill are 
also furnished with a series of transverse plates, which form a 
kind of fringe or “strainer,” by means of which these birds sift 
the mud in which they habitually seek their food. 


ORDER II. GRALLATORES.—The Wading Birds for the most 
part frequent moist situations, such as marshes and shallow 
ponds, the shore of the sea or the banks of rivers or lakes, 


Fig. 156.—Grallatores. A, Leg and Foot of Curlew ; B, Head of Snipe ; 
C, Beak of Avocet. 


though some of them keep entirely, or almost entirely, to the 
dry land. In accordance with their semi-aQuatic, amphibious 
habits, the Waders are distinguished by the great length of 
their legs—the increase in length being chiefly due to the 
elongation of the tarso-metatarsus. The legs (fig. 156, A) are 
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also unfeathered or naked, as far as the lower end of the tibia, 
at any rate. There are three anterior toes, and usually a short 
hind-toe; but the toes are never completely webbed, though 
they are sometimes partially palmate. The wings are long, and 
the power of flight is usually considerable ; but the tail is very 
short, and its function as a rudder is chiefly transferred to the 
long legs, which are stretched out behind in flight. The beak 
is almost always of great length, generally longer than the head 
(fig. 156, B), and usually more or less pointed, though it is some- 
times flattened. In the Avocet (C) the bill is curved upwards, 
instead of being straight, or bent downwards, as is generally 
the case. The Typical Waders, as before said, spend most of 
their time wading about in shallow water, feeding upon small 
fishes, shell-fish, worms, and insects. Others, such as the Storks, 
live mostly upon the land, and are more or less exclusively 
vegetable feeders. 


Fig. 157.—Grallatores. Common Heron (Ardea cinerea). 


Amongst the more important Grallatorial birds are the Rails 
(Rallide), Water-hens, (Gallinule), Cranes (Gruid@,) Herons 
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(Ardetde), Storks (Ciconine), Snipes (Scolopactde), Sandpipers 
(Tringide), Curlews (Vumenius), Plovers (Charadritde), and 
Bustards (Ofd@@). | 

The Rails are more or less terrestrial in their habits, but 
inhabit marshes and fens. Good examples are the Marsh 
Hen (Rallus elegans) and the Virginia Rail (2. Virginianus) 
of North America, and the Corn Crake (Crex pratensis) of 
Europe. The Water-hens (Ga//nula) and Coots (flica) are 
aquatic or semi-aquatic, swimming and diving with the great- 
est ease. The Cranes aré in the main vegetable-feeders, and 
inhabit dry plains. The Herons, Egrets, Bitterns, and Night 
Herons, form a beautiful family of wading birds, represented 
in almost every portion of the known world. Nearly allied to 
these are the brilliantly-coloured Ibises (Zand¢alingz), which 
inhabit all warm countries. The Ciconzne are all large birds, 
and comprise the Storks and Adjutant, while the Spoon- 
bills are mainly separated from them by their flattened, spoon- 
shaped bill. The Scolofacide, comprising the Snipes and 
Woodcocks, the 7rimgide (or Sandpipers), the Curlews (/Vu- 
mentus), and various other allied birds, are distinguished from 
the preceding by the possession of a long, soft, slender bill, 
which is used in probing the ground for food. Inthe Chara- 
driide are comprised the Oyster-catchers, Turnstones, Lap- 
wings, Plovers, Thick-knee, and many other familiar birds, 
Lastly, the O#de comprise only the Bustards, which are 
exclusively confined to the Old World, and make a decided 
approach to the Cursorial Birds. 


ORDER III. CURSORES——The Running or Cursorial Birds, 
comprising the Ostrich, Cassowary, Emeu, Rhea, and Apteryx, 
are characterised by the rudimentary condition of the wings, 
which are useless as organs of flight, and by the compensating 
length and strength of the legs. In accordance with this con- 
dition of the limbs, the bones have few air-cells, and the breast- 
bone is destitute of the prominent ridge or keel to which the great 
muscles of the wings are attached (fig. 158, B). The two sides 
of the pelvis are united together below in the Ostrich, and in all 
the pelvic arch has great strength and stability. The legs are 
extremely powerful, and the hinder toe is wanting in all except 
the Afzeryx, in which it is present in a rudimentary condition. 
The front toes (fig. 158, A) are either two or three in number, 
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and are furnished with strong blunt claws or nails. The 
feathers present the remarkable peculiarity that the barbs, 
instead of being connected by means of the barbules, are discon- 
nected and separate from‘one another, thus coming to resemble 
hairs in appearance. 


Fig. 158.—Cursores. A, Foot of the Ostrich; B, Breastbone (sternum) 
' of the Emeu. 


The African Ostrich (Struthio camelius), which is one of the 
best-known members of this order, inhabits the desert plains of 
Africa and Arabia, and is the largest of living birds, attaining 
a height of from six to eight feet. The head and neck are 
nearly naked, and the quill-feathers of the wings and tail have 
their barbs wholly separate, constituting the Ostrich-plumes of 
commerce. The legs are extremely strong, and the feet have 
only two toes each. The Ostriches run with extraordinary 
speed, and can outstrip the fastest horse, They are polygamous, 
each male having several females, and they keep together in 
larger or smaller flocks. The American Ostriches or Rheas 
are much smaller than the African Ostrich, and have the head 
feathered, whilst the feet are furnished with three toes each. 
They inhabit the great plains of tropical America, and are 
polygamous. The Emeu (Dromazus) is exclusively confined to 
New Holland. In size it nearly equals the African Ostrich, 
standing from five to seven feet in height, and it is not uncom- 
monly kept as a domestic pet. The Cassowary (Casuarius) 
inhabits the Moluccan Islands and New Guinea, and was first 
brought alive to Europe by the Dutch. It stands about five 
feet in height, and possesses a singular horny crest upon the 
head. The last of the living Cursorial birds is the curious bird, 
the Apteryx of New Zealand. In this remarkable bird (fig. 1 59) 
the beak is extremely long and slender, and the nostrils are 
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placed at the extremity of the upper mandible. The legs are com- 
paratively short, and there is a rudimentary hind-toe, provided 


Fig. 159.—Cursores. The Apteryx Australis (Gould). 


with a claw. The feathers of the general plumage are long and 
hair-like, and the wings are altogether rudimentary. 


ORDER IV. RASORES.—The Scratching Birds—or, as they are 
often called, the Gallinaceous Birds—are characterised by the 
fact that the upper mandible of the bill is convex and vaulted 
(fig. 160, B), and has a membranous space at its base, in which 


Fig. 160.—Rasores. A, Foot of a Fowl (Gallus) ; B, Head of the Guinea-fowl. 


the nostrils are pierced. The nostrils are also covered by a 
cartilaginous scale. The legs are strong and muscular, and are 
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often covered with feathers as far as the ankle-joint. There are 
four toes (fig. 160, A), three in front, and a short hind-toe placed 
on a higher level than the others. All the toes, in the typical 
members of the order, are provided with strong blunt claws, 
suitable for scratching. The food of the Masores consists 
chiefly of hard grains and seeds, and in accordance with this, 
they have a large crop, and an extremely strong and muscular 
gizzard. They generally lay their eggs upon the ground, and 
they are mostly polygamous, each,male having several mates. 
The Doves, however, pair for life. The males take no part in 
building the nest or in hatching the eggs; and the young are 
generally precocious, being able to run about and provide them- 
selves with food from the moment they quit the egg. The 
wings are usually weak, and the flight feeble, and accompanied 
with a whirring sound ; but many of the Pigeons are powerful 
fliers. 

The order Rasores is divided into two very well marked sec- 
tions or sub-orders, called respectively the Gaddinacec and 
Columbacei. In the Gallinacez are all the typical forms of the 
order, and the characters of this section are therefore the same 
as those of the order itself. They are distinguished from the 
Columbacet mainly by being less fully adapted for flight, their 
bodies being much heavier, comparatively speaking, their legs 
and feet stronger, and their wings shorter. They are also poly- 
gamous, and the males usually possess “spurs,” and are more 
brilliantly coloured than the females. 

The leading families of the Gallinaceous birds are: 1. The 
Tetraonide or Grouse family, comprising the true Grouse and 
Black Game (7Ze¢rao), the Ptarmigans (Lagopus), the Ruffed 
Grouse (Gonasa), &c. 2. The Perdicide or Partridge family, 
comprising the Partridges (Perdix), Quails (Coturnix), Vir- 
ginian and Mountain Quails (Orvtyx), Crested Quails (Lophor- 
tyx),&c. 3. The Phasianide, or Pheasant family, comprising 
the various Pheasants (Phaszanus), the Domestic and Jungle 
fowls (Gallus), the Turkeys (J/eleagris), the Guinea-fowls 
(Numida), and the Pea-fowl (Pavo). 4. The Megapodide, or 
Mound-builders, comprising only some singular Australian and 
Indian birds, which build enormous mounds, in which they 
deposit their eggs. 5. The Cracide@, or Curassow family, com- 
prising the large South and Central American birds known as 
Curassows and Guans. 
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The Columbacezt comprise the Pigeons and Doves, and they 
are separated from the typical Rasores by being much more 
fully adapted for flight. They are furnished with strong wings 
and are good fliers ; and in place of being ground-birds, their 
habits are to a great extent arboreal, in accordance with which 
the feet are slender and are adapted for perching. They are 
also not polygamous, and their voice is of a much more gentle 


Fig. 161.—Rasores. Rock-pigeon (Columdba livia). 


soft, and melancholy character. (Hence the name of Gemztores 
applied to this section, whilst the Gad/inacet are called the 
Clamatores.) Besides the true Pigeons and Doves, this sub- 
order includes also the remarkable extinct bird, the Dodo, 
which was of gigantic size, comparatively speaking, and in- 
habited the island of Mauritius up to the commencement of the 
seventeenth century. 


ORDER V, SCANSORES.—The order of Scansores or Climbing 
Birds is very shortly and easily defined, having no other dis- 
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tinctive and exclusive peculiarity, except the fact that the feet 
have four toes, of which two are turned backwards and two 
forwards (fig. 162, A). Of the two toes which are turned back- 
wards, one is the proper hind-toe, and the other is the outer- 
most or little toe. This arrangement of the toes enables the 
Scansorial birds to climb with great ease and readiness. Their 
powers of flight are usually very moderate, and below the 
general average, and their food consists of insects and fruits of 
various kinds. Their nests are usually made in the hollows of 
old trees, but some (Cuckoos) have the remarkable habit of 
depositing their eggs in the nests of other birds. They are 
never polygamous, and the young are born in a naked and 
helpless condition. 
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Fig. 162.—A, Foot of Woodpecker (Picvs) ; B, Head of Love-bird (A gagornzs). 


The following families have been established in the Scazsores : 
I. The Cuculide or Cuckoo family, comprising the true Cuckoos 
and some allied birds. They are remarkable for the fact that 
many of them are “ parasitic ;” that is to say, they lay their eggs 
in the nests of other birds, The Yellow-billed Cuckoo (C. 
Americanus), however, of the United States, builds a nest for 
itself and brings up its own young. 2. The Pzcide or Wood- 
pecker family, comprising many familiar birds, all of which 
climb and run up trees with the greatest facility. ‘They live 
mostly on insects, which they catch by darting out their long, 
worm-like, barbed tongue. 3. The Ps¢t/actde or Parrot family, 
comprising the true Parrots, the Cockatoos, the Lories, the 
Parrakeets, and the Macaws, They are all natives of hot cli- 
mates, and are most remarkable for their brilliant plumage, and 
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loud, harsh, and grating voices. The beak (fig. 163) is hooked, 
and is used as a kind of third foot in climbing, but some move 
about actively on the ground. 4. The Rhamphastide or Tou- 
cans, distinguished by their enormously large and cellular bills, 
the sides of which are serrated. They live in deep forests, in 
small flocks, and are confined to tropical America. 5. The 
Trogonide or Trogons, which inhabit the most retired recesses 


AS 


Fig. 163.—Scansores. Purple-capped Lory (Lovins domicella), 


of the forests of the intertropical regions of both hemispheres, 
and are distinguished by their resplendent plumage. 


ORDER VI. INSESSORES.—The sixth order of Birds is that 
of the Zzsessores or Perchers, often spoken of as the Passerine 
Birds. They are defined by Owen as follows : “ Legs slender, 
short, with three toes before and one behind, the two external 
toes united by a very short membrane” (fig. 164, A, B). 


DIVISIONS OF BIRDS. 301 


“The Perchers form by far the most numerous order of birds, 
but are the least easily recognisable by distinctive characters 
common to the whole group. Their feet, being more especially 
adapted to the delicate labours of nidification” (building the 
nest), “have neither the webbed structure of those of the 
Swimmers, nor the robust strength and destructive talons which 
characterise the feet of the Bzrds of Rapine, nor yet the extended 
toes which enable the Wader to walk safely over marshy soils 
and tread lightly on the floating leaves of aquatic plants; but 
the toes are slender, flexible, and moderately elongated, with 
long, pointed, and slightly curved claws. 

“The Perchers, in general, have the females smaller and less 
brilliant in their plumage than the males ; they always live in 
pairs, build in trees, and display the greatest art in the con- 
struction of their nests. The young are excluded in a blind 
and naked state, and are wholly dependent for subsistence dur- 
ing a certain period on parental care. The brain arrives in 
this order at its greatest proportionate size ; the organ of voice 
here attains its utmost complexity ; and all the characteristics 
of the bird, as power of flight, melody of voice, and beauty of 
plumage, are enjoyed in the highest perfection by one or other 
of the groups of this extensive and varied order.” 

The structure, then, of the feet gives the definition of the 
order, but the minor subdivisions are founded on the nature of 
the beak ; this organ varying in form according to the nature of 
the food, which may be “small or young birds, carrion, insects, 
fruit, seeds, vegetable juices, or of a mixed kind.” In accord- 
ance with this character, the Zwsessores have been divided into 
four great sections, as follows :— 

1. Controstres,—in which the bill is strong and on the whole 
conical, broad at the base and tapering with considerable rapid- 
ity to the point (fig. 164, C). The upper mandible is not markedly 
toothed at its lower margin. Good examples of the Coniros- 
tral beak are to be found in the common Sparrow, Bullfinch, 
Crow, or Hawfinch (C). The greater part of the Controstres 
are omnivorous, eating anything which may come in their Way ; 
but some are granivorous, subsisting upon grains and seeds. 
To this section belong the Horn-bills (Buceride), the Starlings 
(Sturnid@), the Crows, Jays, and Magpies (Corvzdz), the Cross- 


bills (Loxad@), and the numerous Finches and Larks (fyzx- 
gillide). 
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2. Dentirostres—The birds of this section are characterised 
by the fact that the upper mandible of the beak is notched or 
toothed on its lower margin near the tip (fig. 164, D). They all 
feed upon animal food, especially upon insects. In this section 
are the Shrikes (Lawzid@), the Fly-catchers (A7uscicapid@), the 
Thrushes (AZerulide), and the Warblers (Sy/véade). 

3. Lenutrostres.—In this section the beak is long and slender, 
gradually tapering to a point (fig. 164, E). The toes are gene- 
rally very long and slender, especially the hinder toe. Many 
live to a great extent upon vegetable juices, and amongst these 


* Fig. 164.—Insessores. A, Foot of Yellow Wagtail; B, Foot of Water Ouzel : ae 
Conirostral beak (Hawfinch) ; D, Dentirostral beak (Shrike) ; E, Tenuirostral 
beak (Humming-bird) ; F, Fissirostral beak (Swift). 


are some of the most fragile and brightly-coloured of all the 
birds. A great many, however, live upon insects, either par- 
tially or entirely, and some of these approach nearly to the 
Dentirostres i many of their characters. Amongst the more 
important groups included in this section are the Creepers 
(Certhide), the Honey-eaters (AZeliphagide),the Humming-birds 
(Trochilide), and the Hoopoes (Upupine). 
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4. Fisstrostres.—The beak in the Fissirostral birds (fig. 164, F) 
is generally short, and remarkably wide in its gape, and the 
opening of the bill is protected by a number of bristles. This 
arrangement is in accordance with the habits of the /7sszvosires, 
the typical forms of which live upon insects and take their prey 
upon the wing. The most typical /7zsszrostres, in fact, such as 
the Swallows and Goat-suckers, fly about with their mouths 
open, and the insects which they catch in this way are prevented 
from escaping, partly by the bristles which border the gape, and 
partly by a sticky secretion within the mouth. The most typical 
Fissirostral birds are the Swallows and Martins (Hzrundinide), 
the Goat-suckers (Caprimulgide), and the Swifts (Cypselide) ; 
but to these the Bee-eaters (Zerofide), and the King-fishers are 
usually added. 


ORDER VII. RAPTORES.—The Birds of Prey are character- 
ised by the form of the beak, which is adapted for tearing ani- 
mal food (fig. 165, B). The upper mandible is the longest, 


Fig. 165.—Raptores. A, Foot of Peregrine Falcon; B, Head of Buzzard, 


hooked at its point, “strong, curved, sharp-edged, and sharp- 
pointed, often armed with a lateral tooth” (Owen). The body 
is extremely muscular ; the legs are robust, short, with three 
toes in front and one behind ; all the toes armed with strong, 
curved, crooked claws or talons (fig. 165, A). They all feed 
upon the flesh of other animals, which they either kill for 
themselves or find dead, and their flight is generally extremely 
rapid and powerful. They are not polygamous, and the female 
is larger than the male. They usually build their nest in lofty 
and inaccessible situations, and seldom lay more than four eggs. 
The young are hatched in a naked and helpless condition. 
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The Rapiores are divided into two sections—the Nocturnal 
Birds of Prey, which hunt at night, and the Diurnal Birds of 
Prey, which hunt by day. In the former section is only the 
single family of the Owls (S¢rzg¢de), in which the eves are large, 
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Fig. 166.—A, Foot of Tawny Owl; B, Head of White Owl. 


and are directed forwards (fig. 166), whilst the plumage is 
exceedingly soft and loose, so as to render their flight almost 
noiseless. The Owls hunt their prey in the twilight or on moon- 
light nights, and they live mostly upon field-mice and small 
birds, but they will also eat insects and frogs. In the section of 
the diurnal Raptores are the Falcons and Hawks, the Eagles 
and the Vultures. In all these the eyes are smaller than in the 
Owls, and are placed laterally, and the plumage is not soft. 
They usually possess extraordinary powers of flight. The wings 
are long and pointed, the sternal keel is greatly developed, the 
pectoral muscles are of large size, and many of them exhibit 
powers of locomotion more rapid than those enjoyed by any 
other members of the animal kingdom. 


ORDER VIII. SAURUR#&.—This order includes only the 
single extinct bird, the Archeopteryx, which has been found in 
the Oolitic rocks of Germany. The Archaeopteryx was about 
as big as a common rook, and shows many singular points of 
resemblance to the true Reptiles. It differs from all living 
birds in having two free claws to the wing, and in possessing a 
long lizard-like tail. Instead of the ploughshare-shaped bone 
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which terminates the tail in living birds (fig. 152, B), the tail in 
Archeopteryx is very long, and consists of about twenty distinct 
and separate vertebree, each of which supports a pair of quill- 


Fig, 167.—Archzeopteryx. ‘Tail and detached bones, 


feathers. The tail, therefore, except for the presence of feathers, 
must have been very like that of a Reptile. 


U 
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MAMMALIA. 


CHAPTER XXXII. 
CLASS V. MAMMALIA. 


THE Mammalia include all the ordinary quadrupeds, and may 
be shortly defined as comprising Vertebrate Animals in which 
some part or other of the skin ts always provided with hairs, 
and the young are nourished for a longer or shorter time by 
means of a special fluid—the milk—secreted by special glands— 
the mammary glands. ‘These two peculiarities are of them- 
selves sufficient to separate the Mammals from all other classes 
of the Vertebrate sub-kingdom. In addition, however, to these 
two leading characteristics, the following points are of scarcely 
less importance :— 

1. The skull is united with the spinal column by means of 
¢wo articulating surfaces or condyles, instead of one, as in the 
Reptiles and Birds. 

2. The lower jaw consists of two halves, each composed of 
a single piece, ‘and united in front. The lower jaw, also, is 
always jointed directly with the skull, and there is no quadrate 
bone. 

3. The heart consists—as in Birds—of four distinct chambers, 
two auricles and two ventricles. The right and left sides of the 
heart are completely separated from one another, and there is 
never any direct communication between the blood sent to the 
lungs and that sent to the body. The red corpuscles of the 
blood (fig. 121, @) are, in the great majority of cases, in the 
form of circular discs, and they never contain any internal solid 
particle or nucleus. 

4. The cavities of the chest (thorax) and abdomen are sepa- 
rated from one another by a muscular partition, which is called 
the midriff or diaphragm, and is the chief agent in respiration. 
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5. The respiratory organs are in the form of two lungs, placed 
in the chest, and never communicating with air-receptacles 
situated in different parts of the body. In no case and at no 
period of life are gills or branchize present. 


As regards the skeleton of the Zamma/ia it is not necessary 
to add much to what was said in speaking of the Vertebrata 
generally. With few exceptions, the spinal column is divisible 
into the same regions as in man—namely, the neck or cervica] 
region, the back or dorsal region, the loins or lumbar region, 
the sacral region, and the tail or caudal region (see fig. 117). In 
spite of the great differences observable in the length of the 
neck in different Mammals, the number of vertebrze which 
form the cervical region is extraordinarily constant, being 
almost invariably seven. In this respect the Giraffe, which is 
one of the longest-necked of Mammals, agrees with the Whale, 
which can hardly be said to have aneck at all. The vertebra 
of the back or dorsal region are mostly thirteen in number, but 
are often more. In man there are only twelve; and in some 
cases there are only eleven or ten. The lumbar vertebrz are 
usually six or seven in number ; five in man; rarely less than 
four. The sacral vertebra are usually amalgamated to form a 
single bone—the sacrum—but this is wanting in the Whales. 
The number of vertebrze in the tail or caudal region varies from 
four to as many as five-and-forty, and they are usually freely 
movable upon one another. The thoracic cavity or chest in 
Mammals is always enclosed by a series of ribs ; the number of 
which varies with the number of the dorsal vertebree. As a rule, 
the ribs are united to the breastbone or sternum in front, not 
by bony pieces, as in birds, but by cartilages. Only the front 
ribs reach the sternum, and these are called the “true” ribs ; 
the hinder ribs fall short of the breastbone, and are called the 
“false” ribs. The sternum is composed of several pieces, 
placed one behind the other, but usually amalgamated to form 
a single bone. It is usually long and narrow in shape, and is 
only rarely furnished with any ridge or keel, as it is in birds, 
The regular number of limbs in the Mammals is four, two 
anterior and two posterior ; and for this reason the Mammals 
are often spoken of as Quadrupeds. Some Mammals, however, 
such as the Whales and Dolphins, have only the anterior limbs, 
and many of the Amphibia and Reptiles walk upon four legs. 
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As regards the structure of the fore-limbs (fig. 118), the general 
plan of conformation is the same as described in treating of the 
Vertebrata generally (p. 220). The shoulder-blade or scapula 
is never absent ; and the coracoid bone, which is so marked a 
feature in the birds, is with hardly an exception amalgamated 
with the scapula. The clavicles or collar-bones are often want- 
ing or rudimentary, but in no Mammal are they ever united 
together in front so as to form a merry-thought or “ furculum.” 
The regular number of fingers is five, but they vary from one to 
five, the middle finger being the longest and most persistent of 
all, and being the only finger left in the Horse. Properly each 
finger consists of three short bones or phalanges, except the 
thumb, which has two; but this rule is occasionally departed 
from. Whilst the fore-limbs are never wanting, the hind-lmbs 
are sometimes absent, as in the Whales. Generally speaking, 
however, the posterior limbs are present, and the pelvic arch 
has much the same structure as in man. The foot—like the 
hand—consists regularly of five digits, but it is subject to the 
same abortion of parts, as we shall see hereafter, 

The great majority of Mammals possess Zeezh, but these are 
only present in the embryo of the whalebone Whales, and are 
altogether wanting in the scaly and great Ant-eaters. The 
teeth are also almost invariably implanted in distinct sockets in 
the jaw. Some Mammals have only a single set of teeth ; but 
in most cases the young Mammal possesses a set of what are 
called the zzz/k-teeth or deciduous teeth, which is ultimately 
replaced by asecond set, constituting the Jermanent teeth. No 
Mammal has ever ove than two sets of teeth. In man, and in 
many other Mammals, the teeth are divisible into four groups, 
which differ from one another in position, appearance, and 
function. ‘These are termed respectively the zuzczsors, canines, 
premolars, and molars. It is impossible to describe fully 
which teeth come under each of these heads without entering 
into unnecessary details as to the structure of the jaws. It 
must be sufficient here to point out the general characters and 
position of these groups in a good illustrative example, such as 
one of the higher Apes (fig. 168). The incisors (2) vary greatly 
in size and number, but they are always placed in the front of 
the mouth, and are the teeth which are used in simply biting 
or dividing the food. The canzne or eyetooth (c) is generally 
larger and more pointed than the other teeth. The canines are 
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sometimes wanting, or are sometimes present in one jaw and 
not in the other ; but there are never more than four altogether 
—that is to say, one in each jaw on each side. The premolars 
and molars (fm and wz) are the so-called “ back-teeth,” and they 


Fig. 163.—Teeth of the right side of the lower jaw of the Chimpanzee (after 
Owen). z Incisors; c Canine tooth 3 7 Preemolars; #z Molars. 


vary a good deal in number and function, being sometimes 
adapted for cutting the food, but more usually for chewing and 
grinding it down. 

All these kinds of teeth are not necessarily present, and the 
teeth constitute most important characters for separating the 
various orders of Mammals from one another. For this reason 
it is usual to express the number of the teeth in any particular 
animal by an arithmetical formula, called the dental formula. 
For example, the formula for the portion of the jaw of the 
Chimpanzee figured above (fig. 168) would be as follows :— 

£2 (al 3 Ue (2.2. Hag. 3) 
But this is only one half of the lower jaw, and the dental for- 
mula must include both sides, so that it would be :— 
22—2; CI—1; pm 2—23; m 3—3. 

That this would be the formula is at once evident, when it is 
remembered that the two sides of the jaw of course contain 
exactly the same teeth. Still, the formula as given above only 
includes the lower jaw, and to render it perfect it must take in 
the teeth of the upper jaw as well. This is effected by placing 
the figures in two rows separated by short lines, all the figures 
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in the upper row referring to the upper jaw, and those in the 
lower row to the lower jaw ; the short dashes between the figures 
of each row still indicating the teeth on the two sides of the 
mouth. The complete formula would therefore run as follows :— 
i ats — $ pm —— a m a = 32: 
In this way the dezzztcon—that is to say, the number and ar- 
rangement of the teeth—can be presented in a manner which 
can be instantly recognised by the eye. It must be remembered; 
however, that the formula seldom exhibits the regularity of 
the one of the Chimpanzee given above. The teeth are not 
necessarily the same in both jaws, and in many cases some may 
be altogether wanting. To show this there is subjoined the 
dental formula of a ales Ruminant animal, such as a sheep :— 


Z 


ier a) mre mm 2 3 = 32, 
37=3 I—I oe aa 

From this formula it will be seen that the sheep has 32 teeth in 
both jaws taken together. The upper incisors and canines are 
wanting, and there are three preemolars and three molars on 
each side of the upper jaw. In the lower jaw there are six in- 
cisors, two canines, and the same number of premolars and 
molars as in the upper jaw. 

As regards the digestive system of Mammals, the alimentary 

canal and digestive glands have on the whole the same general 
structure and arrangement as in man (p. 221, 222). Some very 
remarkable modifications, however, in the structure of the 
stomach and in the termination of the intestine occur in cer- 
tain Mammals ; but these will be noticed in speaking of the 
orders in which they occur. 

The cavity of the abdomen in Mammals is always separated 
from that of the thorax by a complete muscular partition—the 
diaphragm. The abdomen contains the greater part of the 
alimentary canal, the liver, pancreas, kidneys, and other organs. 
The thorax contains chiefly the heart and lungs. The /eart is 
contained in a membranous sac—the pericardium, and con- 
sists of two auricles and two ventricles. The heart consists 
functionally of two sides, each having an auricle and a ven- 
tricle, which communicate with one another by apertures, so 
_guarded by valves that the blood can pass from the auricle into 
the ventricle, but not, under ordinary circumstances, from the 
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ventricle to the auricle. There isin the adult no direct com- 
munication between the two sides of the heart. The course of 
the circulation is indicated in the subjoined diagram, and is 
shortly as follows: The venous blood, which has become im- 
pure by passing through the tissues, is returned by the great 
veins to the v7gh¢ auricle, from which it passes into the right 
ventricle. From here it is driven through a great vessel, called 
the pulmonary artery, to the 
lungs, where it is submitted 
to the action of the air, and 
becomes arterial blood. It is 
then returned to the heart by 
a series of vessels called the 
pulmonary veins, and is poured 
into the /ef¢ auricle, from 
which it passes into the left 
ventricle. From the left ven- 
tricle it is propelled to all parts 
of the body by a great systemic 
vessel, which is called the aorta 
(fig. 169). 

The lungs of Mammals are 
two in number, and differ 
from those of birds in being 
freely suspended in membran- 
ous bags. They are spongy 
and cellular throughout, and 
they never communicate by Fig, 169.-—Diagram of the circulation 


apertures on their surface ina Mammal. (The cavities contain- 
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In the higher Mammals, also the two halves (hemispheres) of 
the brain proper (cerebrum) are connected together by a great 
band or bridge of nervous tissue, constituting what is known 
as the corpus callosum. This structure is not a conspicuous 
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feature in the two lowest orders of the Mammalia. The senses, 
as a rule, attain great perfection in the Mammals ; and the only 
sense which can ever be said to be entirely wanting is that of 
sight. Eyes, however, are always present, though they may be 
rudimentary ; and in those Mammals which are said to be 
“blind,” it is not generally that the eyes are wanting, but that 
the skin passes unbrokenly over the eyeball. Even in these 
cases, however, it is not impossible that there may be some per- 
ception of light through the skin. An external ear for collecting 
sounds is usually present ; but it is wanting in the Whales and 
Dolphins, and in some of the Seals. 

The s#z7 is invariably furnished over a greater or less part of 
its surface with the epidermic appendages known as faz7s, 
which differ from feathers chiefly in not splitting up as they 
are produced. In the scaly Ant-eater (JZanzs), the hairs are 
ageregated together so as to form horny scales; and in the 
Hedgehog, Porcupine, and other animals, many of the hairs are 
developed into long spines or prickles. In other cases again, as 
in the Armadilloes, the skin is more or less covered by an armour 
of bony plates. The only apparent exception to the universal 
presence of hair on some part or other of the integument of all 
Mammals is constituted by the true Cetaceans (Whales and 
Dolphins), many of which are without hair when grown up. 
Some, however, such as the Whales, have a few bristles in the 
neighbourhood of the mouth, even when adult. And the Dol- 
phins, which are totally hairless when grown up, exhibit tufts of 
hair upon the muzzle before they are born. 

The young Mammal is always born in a helpless condition, 
and is nourished for a longer or shorter time by means of the 
milk of the mother. The milk is secreted by special organs, 
called the mammary glands, which are present in both sexes, 
but are normally undeveloped in the male. The number and 
position of the mamme vary a good deal in different cases, but 
they are always placed on the lower surface of the body, and 
their ducts almost always open upon a special eminence, called 
the teat or nipple. In one or two cases, however, the mammary 
glands open by simple slits in the skin of the abdomen, and not 
by distinct nipples. In ordinary Mammals the milk is obtained 
by voluntary suction on the part of the young, but in the Mar- 
supials (Kangaroos, Opossums, &c.) the milk is forced into the 
mouth of the young animal by the action of a special muscle. 
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So much difference of opinion obtains as to the best foynda- 
tion upon which to establish a division of the Mammalia into 
ereat primary sections, that it has been thought advisable to 
leave this subject wholly out of consideration. For our present 
purpose it is enough to adopt the old classification of Mammals 
into the two great divisions of the Placental and Non-placental 
forms. In the Placental Mammals the young is nourished with- 
in the body of the mother by means of a structure called the 
placenta, through which the nutrient materials of the mother’s 
blood reach the young. Inconsequence of this, the young of the 
Placental Mammals can be retained within the body for a con- 
siderable period, and when born, they are able to obtain their 
natural food—the milk—by their own exertions. In the Non- 
placental Mammals, on the other hand, the young are born at 
an extremely early period of their development, before there is 
any necessity that a Placenta should be formed for the nourish- 
ment of the foetus. In these cases, therefore, the young when 
born are much more immature and helpless than in the case 
of the Placental Mammals. So helpless are they, that they are 
even unable to suck, and have in most cases to be fixed by 
the mother herself upon the teats, whilst the milk is forced into 
their mouths by a muscle which is spread over the mammary 
gland. Adopting these primary sections as practically sufficient 
in an elementary work, the whole class of the Mammalia may 
be divided into the following fourteen orders :— 


Division A.—APLACENTAL MAMMALS, 


Order 1.—Monotremata. 
Order 2.—Marsupiala. 
Division B,—PLACENTAL MAMMALS. 

Order 3.—LZdentata. 
Order 4.—Szrenia. 

\ Order 5.—Cetacea. 
Order 6.— Ungulata. 
Order 7.—Hyracoidea. 
Order 8.—Froboscidea. 
Order 9.—Carnzvora. 
Order 10.—LRodentia, 
Order 11.—Cheiroptera. 
Order 12.—JLusectivora. 
Order 13.—Quadrumana. 
Order 14.—Bimana. 
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CHAPTER XXXII. 
ORDERS OF MAMMALIA. 


ORDER I, MONOTREMATA.—The first and lowest order of the 
Mammals—that of the /onotremaia—comprises only two very 
remarkable animals, both of which are exclusively confined to 
New Holland. These are the Duck-mole (Oruzthorhynchus) 
and the Porcupine Ant-eater (Echidna). The Monotremata 
are essentially characterised by the fact that, as in Birds, the 
termination of the intestine opens into a common chamber or 
cloaca, which receives also the ducts of the urinary and repro- 
ductive organs. The jaws are destitute of true teeth; but the 
Orutthorhynchus has a_kind of beak, like the bill af a duck, 
furnished with small horny plates, which act as teeth. The 
pectoral arch, which supports the fore-limbs, resembles that of 
Birds in ceteeal respects, but especially in the fact that the 
coracoid bones are distinct, and are not amalgamated with the 
shoulder-blade. There is no pouch developed on the abdomen 
of the females, but there are the so-called “ marsupial bones,” 
These are two small bones which arise from the front of the 
pelvis. They are really to be regarded as formed by a conver- 
sion into bone of the tendons of one of the muscles of the 
abdomen. ‘There are no external ears. The mammary glands 
have no nipples, and the young are said to be devoid df a 
placenta. 

The Duck-mole (fig. 170) is one of the most extraordinary of 
Mammals, and is found inhabiting the rivers and lakes of Aus- 
tralia and Tasmania. The body resembles that of a small otter, 
and is covered with a short brown fur. The tail is broad and 
flattened, and the jaws are sheathed with horn, so as to forma 
flattened beak, very like the bill of a duck. The legs are short, 
furnished with five toes each, and webbed, so that the animal 
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swims with great facility. Their food consists chiefly of aquatic 
insects and molluscs, and they make very extensive burrows in 
the banks of streams. 


Fig. 170.—Monotremata. Duck-mole (Orutthorhynchus paradoxus)— 
after Waterhouse. 


The other member of the Monotremata is the Porcupine Ant- 
eater ot Echidna, which is not unlike a large hedgehog in 
appearance. The snout is very long, and is enclosed in a con- 
tinuous skin till close upon its extremity, where there is a small 
aperture for the protrusion of a long and flexible tongue. There 
are no teeth, or any organs to act as teeth. The feet have five 
toes each, and are furnished with strong digging claws, but the 
toes are not webbed. The skin is covered with strong prickly 
spines interspersed with bristly hair. The Echidna measures 
from fifteen to eighteen inches in length, and is a nocturnal 
animal. It lives in burrows, and feeds upon insects, which it 
captures by protruding its long sticky tongue. 


ORDER II, MARSUPIALIA.—The name of Marsupials is de- 
rived from the fact that the females of this order are mostly 
furnished with an abdominal pouch or marsuptum, within 
which the nipples are situated. When born, the young are 
placed by the mother within this pouch, where they adhere to 
the teats, and can be carried about without injury. Even when 
further advanced in their development, the young often betake 
themselves to the shelter of the marsupium. The so-called 
“marsupial bones” are present, and as they spring from the 
front of the pelvis they no doubt serve to support the pouch ; 
but this cannot be their sole use, as they exist in the males, and 
also in the Monotremes, in whom there is no pouch. All Mar- 
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supials possess teeth, and the pectoral arch has now the same 
form as in the higher Mammals, the coracoid bones being now 
amalgamated with the shoulder-blade. The intestine does not 
terminate in a cloaca. . 

Though the Marsufialia form an extremely natural order, 
sharply separated from the other Mammals, they include a large 
number of varied forms. In fact, this order, from its being the 
almost exclusive possessor of a continent so large as Australia, 
has to discharge, in the general economy of nature, functions 
which are elsewhere performed by several orders. As regards 


Fig. 171.—Marsupialia. The Koala or Kangaroo-bear (Phascolarctos cinereus). 
(After Gould.) 


their geographical distribution, with the single exception of the 
family Didelphide (the true Opossums), the whole order of the 
Marsupials is exclusively confined to Australia, Van Diemen’s 
Land, New Guinea, and the adjacent islands. 

The Marsupials may be primarily divided into the vegetable- 
eating and rapacious or carnivorous forms—the former charac- 
terised by the absence or rudimentary condition of the canine 
teeth, the molars having broad, grinding crowns; whilst in the 
latter there are well-developed canines, and the molars are not 
adapted for grinding. Of the vegetable-eating forms, the best 
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known are the Kangaroos (JZacropodide), distinguished by the 
remarkable disproportion between the hind and fore limbs, the 
former being by far the longest and strongest. By their long 
hind-legs, assisted by a powerful tail, the Kangaroos can per- 
form astonishing jumps, and, in fact, leaping is their mode of 
progression when pursued. 

The typical Kangaroos live on the great grassy plains of 
Australia ; but the Tree Kangaroos spend a great part of their 
time in trees, and the Rock Kangaroos affect mountainous 
districts. The Kangaroo-bear or Native Sloth (Phascolarctos 
cinereus, fig. 171) has no tail, and has the body covered with a 
short, dense fur, while the ears are tufted. The fore-feet can be 
used as hands, and the toes are all furnished with strong curved 
claws. It is a harmless nocturnal animal, and spends most of 
its existence in trees. The typical group, however, of the vege- 
table-eating Marsupials is that of the Phalangers, comprising a 
large number of small animals which live in trees, and generally 
possess a prehensile tail. The most familiar example is the 
Australian “ Opossum” (Phalangista vulpina), which is largely 
hunted by the natives. In the so-called “flying” Phalangers, 
again, the tail is not prehensile, and the animal takes extensive 
leaps from tree to tree, by means of a fold of skin which 
stretches between the body and the fore and hind limbs. 

Of the carnivorous Marsupials, the Bandicoots (Perameles), 
the Native Devil (Dasyurus), the Native Tiger (Zhy/acinus), 
and the American Opossums (Didelphide), may be mentioned. 
The Bandicoots are little, rabbit-like Australian animals, which 
live upon insects, and seem to fill the place held in the Old 
World by the Hedgehogs and Shrew-mice. The Native Devil 
and Thylacine, though both of comparatively small size, are 
extremely ferocious, and do much mischief to the flocks of the 
Tasmanian colonists. About twenty species of Didelphide are 
known, and they are all exclusively confined to the American 
continent. They are all of small size, have prehensile tails, and 
mostly live among trees. The best-known species is the 
Virginian Opossum (Didelphys Virginiana). 


ORDER III. EDENTATA or BRUTA.—This order of Placental 
Mammals comprises the Ant-eaters, Armadilloes, and Sloths, 
and is characterised by the fact that the teeth are not.covered 
with enamel, have no complete roots, and are never replaced by 


318 | VERTEBRATE ANIMALS. 


a second set. Further, in none of the Edenzates are there any 
central incisor teeth, and in all but one there are no incisors at 
all. In two genera only are there no teeth; so that the name 
Edentata is not a very appropriate one. In all, the toes are fur- 
nished with long and powerful claws. 

The Edentata admit of division into two sections, according 
as they live upon a vegetable diet and live in trees, or are 
carnivorous and live upon or below the ground. In the first 
section are only the Sloths (Bradypodide), which are exclusively 
confined to South America, inhabiting the vast primeval forests 
of this continent, They are in every way adapted for an arbo- 
real life, and are “ destined to be produced, to live, and to die 


a ‘ 
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Fig. 172.—Edentata. (Chlamyphorus truncatus.) 


on trees.” They are extremely awkward when upon the 
ground ; but the feet are furnished with extremely long curved 
claws, so that the animal is enabled to move about freely, sus- 
pended back downwards from the branches of the trees. The 
Armadilloes (Dasypodide) are also exclusively confined to South 
America ; but they are carnivorous, burrowing animals, and are 
furnished with strong digging-claws. The upper surface of the 
body is covered with a kind of armour, formed of hard bony 
plates or shields, which are united at their edges. Most of them 
can roll themselves up into a ball, and they can all bury them- 
selves in the ground when pursued. 

The remaining South American Edentates are the hairy 
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Ant-eaters, of which the best known is the great Ant-eater 
(Myrmecophaga jubata). The body in this family is covered 
with hair, the tail is long, and the teeth are altogether wanting. 
They feed chiefly upon ants and termites, which they catch by 
protruding their long and sticky tongues, having previously 
broken into the nest by means of their strong curved claws. 

The Edentata are represented in the Old World by only two 
genera. One of these is the genus JZanzs, comprising the scaly 
Ant-eaters or Pangolins, which are exclusively confined to Asia 
and Africa. In these singular animals the body and tail are 
covered by a flexible armour, composed of horny plates or scales 
overlapping like the tiles of a roof. The other genus is Oryc- 
teropus, comprising only the so-called Ground Hog of South 
Africa ; which also lives upon insects, and burrows by means 
of its strong digging-claws. 

As regards the geographical distribution cf the Edezzaza, it 
is to be remembered that the order has a very limited range at 
the present day. The true Ant-eaters, the Armadilloes, and the 
Sloths, are exclusively confined to South America, in which 
country a group of gigantic ‘extinct Edentates existed in the 
later portion of the Tertiary epoch. The scaly Ant-eater is 
common to Asia and Africa; and the Ground Hog is confined 
to South Africa. 


ORDER IV. SIRENIA.— This order comprises only certain large 
marine Mammals, known as Dugongs and Manatees, which 
were long classed with the Whales and Dolphins (Cedacea). 
They agree with the Whales in the adaptation of the body to 
an aquatic life, especially in the facts that the anterior limbs are 
converted into swimming-paddles, the hind-limbs are wholly 
wanting, and the hinder end of the body forms a powerful 
caudal fin, which is placed so as to strike the water horizontally 
and not vertically, as in Fishes. They differ from the Cetacea 
in having the nostrils placed at the anterior part of the head, 
and in having molar teeth with flat crowns, adapted for a 
vegetable diet. Fleshy lips are present, the upper one usually 
with a moustache, and the skin is covered with scanty bristles. 
The head is not disproportionately large as compared with the 
body, and there is a tolerably distinct neck. They are vegetable 
eaters, feeding chiefly upon seaweeds, and haunting the mouths 
of rivers and estuaries. 
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The only existing Szvenéa are the Manatee (A7anatus) and the 
Dugong (Haiicore), often called “ Sea-cows.” The Manatees 
are found on the east coast of America and on the west coast 
of Africa. They are large awkward animals, attaining a length 
of from eight to ten or fifteen feet, and their flesh is said to be 
very palatable and wholesome. The Dugongs (fig. 173) diffe: 


Fig, 173.—Sirenia. The Dugong (Hadlicore [udicus). 


little in appearance and habits from the Manatees. ‘They are 
found on the coasts of the Indian Ocean and the north coast of 
Australia, and are often killed and eaten. They attain a length 
of from eighteen to twenty feet. The bones of the skeleton are 
remarkable for their extreme hardness and density. 

Besides these living forms, the Szveuza were represented by a 
gigantic species which formerly inhabited Behring Island on 
the coast of Kamtchatka. This animal was described by a M. 
Steller who accompanied Behring on his second expedition, 
and he named it Rkyztina. This enormous animal attained a 
length of twenty-five feet, and a circumference of twenty feet, 
and it appears to have been completely exterminated, no speci- 
men having been seen for two centuries. 


ORDER V. CETACEA.—This order comprises the Whales, 
Dolphins, and Porpoises, and it is characterised by the complete 
adaptation of its members to a watery life. The body is com- 
pletely fish-like in form, the fore-limbs are converted into 
swimming-paddles, and the hind-limbs are completely wanting ; 
whilst the hinder end of the body forms an extremely powerful, 
horizontal caudal fin. Sometimes there is a dorsal fin as well. 
The nostrils may be single or double, but always are placed on 
the top of the head, constituting the “ blow-hole.” The body is 
very sparingly furnished with hairs, or is wholly without them 
in the adult. The head is generally of disproportionately large 
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size as compared with the body, and is rarely separable from the 
trunk by any distinct constriction or neck. There is no sacrum, 
and the pelvis is only represented in a rudimentary form. 
Lastly, the adult is either wholly destitute of teeth, or possesses 
only a single set, which are always conical in shape, and are 
never divisible into distinct groups. All the true Cefacea are 
carnivorous, living upon animal food. 

Chief amongst the Cetaceans in importance and zoological 
interest are the Whale-bone Whales (4a/enide), in which the 
adult is destitute of teeth, though the young whale possesses 
teeth which never cut the gum. The place of teeth is taken by 
a series of transverse plates of whale-bone or Ga/een, which are 
used as a kind of screening apparatus or filter to separate 
from the sea-water the minute Molluscs and Jelly-fishes upon 
which these enormous animals live. The most important 
member of this family, from a commercial point of view, is the 


Fig. 174.—Cetacea. The Common Dolphin (Delphinus delphis). 


Greenland Whale (Balena mysticetus), which yields most of 
the whale-oil and whale-bone of commerce. The Greenland 
Whale attains a length of from forty to sixty feet, and of this 
enormous length about a third is taken up by the head alone. 
The oil is derived from a thick layer of fat or “‘ blubber,” which 
is situated under the skin, and serves to protect them from cold. 
Though an inhabitant of the sea, the whale is obliged to come 
to the surface to breathe, and in so doing it ejects from the 
blow-holes what looks like a column of water, the whole opera- 
tion being known to the whalers as “ blowing.” The true nature 
of this act is still somewhat questionable, but it appears certain 
that the apparent jet of water is in reality, mainly if not entirely, 
due to the condensation of the moisture which is contained in 
the air expelled from the lungs. The old view was that “ blow- 
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ing” consisted in the whale ejecting through the nose the water 
which had previously been filtered through the baleen-plates of 
the mouth; but it appears to be quite certain that this view, 
at any rate, is not the correct one. The Rorquals or Finner 
Whales resemble the Greenland Whale in most respects, but 
the skin is furrowed with deep plaits or folds, and there is a 
dorsal fin, placed on the back. Some of these attain a gigantic 
size (eighty feet or more), but they are seldom captured, as their 
commercial value is small. 

The Toothed Whales (Odontocet?) are best known by the 
Sperm Whale, an animal as large or larger than the Greenland 
Whale, but distinguished by having numerous conical teeth, 
a single blow-hole, and a curiously truncated head. They yield 
an excellent oil, and the singular fatty substance which is known 
as “‘spermaceti.” They also yield the substance called ‘‘amber- 
gris,” which is used as a perfume ; but this is probably a pro- 
duct of disease. 

The last family of the Ce/acea is that of the Delphinide, com- 
prising the Dolphins (fig. 174) and Porpoises. They have nume- 
rous conical teeth in both jaws, and the nostrils open by a single 
aperture on the top of the head. The Dolphins are inhabitants 
of the sea, but two species live in rivers,—one in India, and the 
other in America. The Porpoises are also marine, and occur 
in all seas. The most remarkable of the Delphinid@e is the 
Narwhal or Sea-Unicorn, which is found in the Arctic seas, and 
which attains a length of as much as fifteen feet in the body 
alone. Thechief peculiarity of the Narwhal is in the dentition. 
The females, as a rule, have no teeth, the upper jaw alone 
having two rudimentary incisors which never cut the gum. In 
the males, however, whilst the lower jaw is without teeth, one 
of the two central incisors of the upper jaw is enormously 
developed, and grows throughout the life of the animal. It 
forms a tusk of from eight to ten feet in length, the whole sur- 
face of which is spirally twisted. The function of this extra- 
ordinary tooth is doubtless offensive. 


ORDER VI. UNGULATA.—This order is often spoken of as 
that of the Hoofed Quadrupeds, and is one of the largest and 
most important of the orders of Mammalia. The order is 
characterised by having all the four limbs and by having that 
portion of the toe which touches the ground encased in a greatly 
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expanded nail or “oof. There are never more than four full- 
sized toes to each leg, and owing to the presence of hoofs the 
limbs are useless for grasping, and are only of use in locomo- 
tion and in supporting the weight of the body. There are 
always two sets of teeth, and the molars have broad crowns 
adapted for grinding vegetable substances, 

The Ungulata are divided into two great primary sections, 

according as the toes are even or odd in number :— 

A. Perissodactyla, or Odd-toed Ungulates, in which the toes 
are odd in number—etther one or three.* If horns are 
present, they are not in pairs. 

4. Artiodactyla, or Even-toed Ungulates, in which the toes 
are even in number—etther two or four; and if horns are 
present, they are in pairs. 

The living Perissodactyle Ungulates are the Riinaeews, the 

Tapirs, and the Horse and its allies. The RAznoceroses are ex- 
tremely large and buiky brutes, having a very thick and nearly 


Fig. 175.—Ungulata. A, Perissodactyle foot of Zebra; B, Artiodactyle foot of 
Llama ; C, Artiodactyle foot of Antelope ; D, Perissodactyle foot of Rhinoceros. 


hairless skin, usually thrown into deep folds. The feet (fig. 175, D) 
are furnished with ¢kree toes each, all encased in hoofs. The 
nose is furnished with one or two horns, composed of longitud- 
inal fibres compacted together, and not having any central core 
of bone. When there is only one horn, it is, of course, unsym- 
metrical; and when there are two, these are not paired, but 


* The fore-feet of the Tapirs are even-toed, but the hind-feet are perissodactyle, 
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one is always placed behind the other in the middle line of the 
head, and the hinder one is much the shortest. The various 
species of Rhinoceros are found in India, Java, Sumatra, and 
Africa, inhabiting marshy places and feeding chiefly on the 
foliage of trees. The Zafzrs have four toes to each of the fore- 
legs, but only ¢irvee toes on the hind-legs, so that they are pro- 
perly odd-toed, The nose forms a short movable proboscis, 
used in stripping off the leaves of trees. They are large clumsy 
animals, which inhabit South America, Sumatra, and Malacca. 
The third and last family of the Perzssodactyla is that of the 
Egquide, comprising the Horse, Ass, Zebra, and Quagga. In 
this family the toes are reduced to ove to each foot, enclosed in 
a single broad hoof, without any supplementary hoofs. There 
is a continuous series of incisor teeth in both jaws, and in the 
males canines are present. The dental formula is— 
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All the varieties of Horses appear to be descended from the 
single species Lguus caballus, which seems to have been primi- 
tively a native of Central Asia. When the American Continent 
was discovered it certainly possessed no living horse, but the 
horse has now become completely naturalised there, and we 
know that America formerly possessed about twenty species of 
horses, all of which are now extinct. In the genus Aszzus are 
the Asses, Zebras, and Quaggas. The wild Ass is a native of 
Asia, and the domestic Ass is probably descended from it. The 
Zebras and Quaggas are exclusively African, and are distin- 
guished by their beautifully-striped and banded bodies. 

The Artiodactyles or Even-toed Ungulates are divided into 
two groups,— 

1. Omnivora, as the Pig and Hippopotamus. 

2. Ruminantia, which chew the cud, such as Oxen, Deer, 
Camels, &c. 

Of the Omnzvorous forms, the Hippopotamus is characterised 
by its massive heavy body, short blunt muzzle, and feet with 
four hoofed toes each. The Hippopotamus is found in the 
rivers of Abyssinia, and throughout the whole of Africa to the 
south of this. It reaches a length of from eleven to twelve feet, 
is nocturnal in its habits, and swims and dives with great facility. 
The Pigs, Peccaries, and Wart-hogs constitute the family Suzda, 
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and have usually four toes to each foot, though sometimes the 
hind-feet have only three toes. All the toes are hoofed, but it 
is only two which support the weight of the body, the remain- 
ing toe or toes being placed at some elevation on the back of 
the foot. The snout is truncated and cylindrical, and is capable 
of extensive movement. The tail is very short, or is represented 
only by a tubercle. 

Of the Swine the most important and best known is the Wild 
Boar (.Szs scrofa), from which it is probable that all our domes- 
tic varieties of swine have sprung. Another form is the Baby- 
roussa or Hog-deer (Sus dabyrussa), which inhabits the Indian 
Archipelago, and is remarkable for the great size and backward 
curvature of the upper canine teeth. The Wart-hogs (Phaco- 
cherus) are African, and derive their name from the possession 
of a fleshy wart under each eye. The Peccaries are exclusively 
American, the best-known species being the Collared Peccary 
(Dicotyles torguatus). They are not at all unlike small pigs 
both in appearance and habits, and they are generally found in 
small flocks. 

The Rumnantia form a most natural group of the Ungulaza, 
characterised by the structure of the foot, the dentition, and 
the structure of the stomach. 

The foot is “ cloven,” consisting of a symmetrical pair of toes, 
encased in hoofs, and looking as if produced by the cleavage of 
a single hoof. In most cases there are also two small supple- 
mentary hoofed toes placed on the back of the foot. 

As regards the dentition, the typical state of things is that 
there should be no incisor or canine teeth in the upper jaw, but 
that the lower jaw should have six incisors and two canines, 
which are all similar in size and form, and constitute a con- 
tinuous and uninterrupted series of ezgh¢ teeth placed in the 
front of the lower jaw. There are six molar teeth on each side 
of each jaw, and these have grinding surfaces. The typical 
dental formula, therefore, for a Ruminant is— 

z re ; c2-°; pm and m nee m9: 

In the absence of incisor teeth in the upper jaw, the lower in- 
cisors bite against a callous pad of hardened gum. ‘The Camel 
tribe differs in its dentition from the above typical formula, and 
certain exceptions likewise occur in the males of some other 
forms, and in one or two other less important instances. 
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The stomach in the Ruminants is complex, and is divided 
into several compartments, this being in accordance with their 
mode of eating. They all, namely, “ruminate” or ‘chew the 
cud ;” that is to say, they first swallow their food unmasticated, 
and then bring it up again after a longer or shorter period in ~ 
order to chewit. This is effected as follows (fig. 176) :—The 
vullet opens at a point between the first two compartments or 
stomachs, of which the largest lies to the left and is called the 
*‘ paunch,” whilst the smaller right cavity is called the “ honey- 
comb bag” (reticulum). The paunch (rumez) is the cavity into 
which the food is first received, and here it is moistened and 
allowed to soak for some time. After the food has lain suff- 
ciently long in the paunch, it passes into the “ honeycomb bag,” 
where it is made up into little balls or pellets, which are then 


Fig. 176.—Stomach of a Sheep. o Gullet; » Rumen or Paunch; 4 Honeycomb 
bag or Reticulum; ~ Many-plies or Psalterium; a Abomasum or Fourth 
Stomach, 


returned to the mouth by a reversed action of the muscles of 
the gullet. After having been thoroughly chewed, and prepared 
for digestion, the food is now swallowed a second time. On 
this occasion, however, instead of passing into the paunch, the 
masticated food is conveyed into the third stomach. This is 
known as the “many-plies” or “ Jsalterium,”’ because its lining 
membrane is thrown into a number of longitudinal folds, like 
the leaves of a book. The psalterium opens by a wide aperture 
into the fourth and last stomach, known as the “ abomasum.” 
This is a cavity of considerable size, which secretes the true 
digestive fluid (gastric juice), aud it is here that the food is 
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really digested. The abomasum terminates, of course, in the 
commencement of the small intestine. | 

The Rumnantia include a number of families of which it is 
only possible to notice the leading characters of the more im- 
portant ones—namely, the Camelide, Cervide, Giraffes, and 
Cavicornia. 

The family Camelzde comprises the Camel and Dromedary 
of the Old World and the Llamas of the New, and is character- 
ised by having no horns, by having two incisors in the upper 
jaw, and a pair of canines in both jaws; whilst the foot con- 
sists of only two toes, covered with imperfect nail-like hoofs, 
and destitute of the two supplementary toes. The soles of the 
feet are covered with a callous horny integument upon which 
the animal walks. 

In the Camels the toes are conjoined below by a callous pad, 
and the back is furnished with one or two fleshy humps. The 
Arabian Camel or Dromedary has but one hump, and its struc- 
ture admirably adapts it for a beast of burden in the sandy 
deserts of Arabia and Africa. One special provision toward this 
end is the possession of large cells in the paunch, in which a 
large quantity of water can be stored up, thus enabling the ani- 
mal to travel for days without drinking. The Bactrian Camel 
resembles the Dromedary in most respects, but it possesses two 
humps. The place of the Camels of the Old World is filled in 
South America by the Llamas and Alpacas (Auchenia), which 
have separate toes, and have no hump. The Llama is exten- 
sively used as a beast of burden, but the Alpaca is chiefly of 
value for its long wool, which is largely manufactured. 

The family Cervzde includes the true Deer, and is character- 
ised by the fact that the forehead carries two solid bony antlers, 
which are not hollow, and are usually much branched (fig. 177). 
With the single exception of the Rein-deer, these appendages 
are exclusively confined to the males, and they are deciduous ; 
that is to say, they are only produced at certain seasons (annu- 
ally, at the breeding season), and when they have fulfilled their 
purpose, they are shed. They increase in size and in the num- 
ber of branches every time they are reproduced, till in the old 
males they may attain an enormous size. 

Among the more familiar of the Deer may be mentioned the 
Elk, or Moose (Alces Americanus) of Scandinavia and North 
America, the Reindeer and Caribou (Cervus tarandus) of 
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Northern Europe, Asia, and North America; the Red Deer 
(Cervus elaphus, fig. 177) of Europe; the Wapiti (C. Cawaden- 
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big. 177.—Cervide. Head of Stag (Cervus elaphits). 


sis) of Canada ; and the Roebuck (Capreolus caprea) of N orth- 
ern Europe. 

Of the Giraffes or Camelopardalide there is only a single living 
species, exclusively confined to the African continent. Both 
sexes have two pairs of short horns, carried on the forehead ; but 
these are persistent, and are covered with a hairy skin. The 
neck is extremely long, and the fore-legs much longer than the 
hind-legs. It is the largest of living Ruminants, and measures 
as much as from fifteen to eighteen feet in height. 

The Cavicornia or HHollow-horned Ruminants comprise the 
Oxen, Sheep, Goats, and Antelopes, and are characterised by 
having horns, which may be present in one or both sexes, and 
consist of a horny sheath surrounding a central bony axis, or 
“horn-core.” The horns are persistent, and are not periodically 
shed, and there is usually only a single pair, though sometimes 
there are two pairs. In their dentition, and in other respects, 
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the Cavicornia are to be regarded as being the most typical 
examples of the Awminantia, and they include a number of 
animals which are of the highest utility to man. 

The Antelopes form a very extensive group, closely resem- 
bling the true Deer, but distinguished by the possession of hodlow 
horns, in place of so/zd antlers. Most of the Antelopes are 
African, and there are only two European forms (the Chamois 
being one), while America possesses only the Prong-buck (A zéz- 
lope furcifer). Among the more familiar African species may 
be mentioned the Gazelle, the Koodoo (fig. 178), the Gnu, the 
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Fig. 178.—Antelopide. Head of the Koodoo (Strepsiceros Koodoo). 


Gemsbok, and the Springbok. The Sheep and the Goats 
(Ovide@) are closely allied to one another, and are well known by 
their domestic varieties. All the Sheep appear to be natives of 
the Old World, with the exception of the “ Bighorn” (Ovzs 
montana) of the Rocky Mountains. Among the true Oxen 
(Bovide) the most important species is the domestic Ox (Bos 
taurus) with its innumerable varieties. The true Buffalos 
(Bubalus) ave natives of Asia and Africa, and are characterised 
by their wide horns united at the base. The American Buffalo, 
or Bison, as it is properly called (Bzsou Americanus), is dis- 
tinguished by its enormous head, shaggy mane, and conical 
hump between the shoulders, America also possesses another 
singular Ox in the person of the Musk Ox (Ovibos moschaius), 
which is found north of the 6oth parallel, and is remarkable for 
its small size and long, woolly coat. 
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ORDER VII. HYRACOIDEA.—This order includes only a single 
small genus (4/yrax), of which only two or three species are 
known. They are all gregarious little animals living in holes 
of the rocks, and capable of domestication. One species (Hyrax 
Capensis) occurs commonly in South Africa, and is known to 
the Dutch colonists as the “ Badger.” Another species (Hyrax 
Syrtacus) occurs in the rocky parts of Arabia and Palestine, and 
is believed to be the “ coney” of Scripture. They present many 
curious points of resemblance to the gigantic Rhinoceros, and 
are often placed in the same order, the similarity being especially 
great as regards the form of the molar teeth. The incisor teeth 
of the upper jaw are long and curved, with sharp cutting edges, 
and they grow from a permanent pulp, .thus resembling the 
teeth of the genuine Rodents (such as the Rabbit or Beaver). 
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Fig. 179.—Skull of the Indian Elephant (Z£leAhas Indicus). 7 Tusk-like upper 
incisors ; 7 Lower jaw, with grinding molars, but without incisors; 2 Nostrils; 
placed at the extremity of the proboscis. 


ORDER VIII. PROBOSCIDEA.— This order is only represented 
at the present day by the Elephant, of which there are only two 
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species living. One of these is the African Elephant, which is 
distinguished by its convex forehead and great flapping ears ; 
the other is the Indian Elephant, which has a concave forehead 
and small ears. The Proboscidea are characterised by having 
the nose prolonged into a cylindrical trunk or proboscis, at the 
extremity of which the nostrils are placed (fig. 147, 7). The 
trunk is extremely flexible and highly sensitive, and terminates 
in a finger-like prehensile lobe. There are no canine teeth ; 
the molars are few in number, large, and transversely ridged, 
or furnished with tubercles. In the living forms there are no 
lower incisors, but the upper incisors are two in number, grow 
from a permanent pulp, and constitute enormous tusks (fig. 147, 
i). In some of the extinct forms there are two tusk-like lower 
incisors, and sometimes both the lower and upper incisors are 
developed into tusks. The feet are furnished with five toes 
each, but these are only partially indicated externally by the 
divisions of the hoof. The animal walks upon thick pads of 
integument, which constitute the soles of the feet. . 

The Indian Elephant inhabits India and the Indian Archi- 
pelago, and has five hoofs on the fore-feet, but only four on the 
hind-feet. Like the Ceylon Elephant, which is a mere variety, 
the males alone possess well-developed tusks. The African 
Elephant has four hoofs on the fore-feet, and only three on 
the hind feet, while it is smaller and darker in colour than the 
Indian species. Both sexes also possess tusks, though those 
of the males are largest. All the Elephants feed upon vege- 
table matter. 

Though there are now but two living species of Elephant, 
there is no doubt but that some of the fossil forms have died 
out since the appearance of man upon the globe. Of these, the 
best known is the Mammoth, frozen carcases of which have been 
found in the icy wilds of Siberia. 


ORDER IX. CARNIVORA.—The ninth order of Mammals is 
that of the Carnivora or Beasts of Prey, comprising the Lions, 
Tigers, Wolves, Dogs, Cats, Hyznas, Seals, Walruses, &c. The 
Carnivora are distinguished by possessing two sets of teeth, 
which are simply enamelled, and are always of three kinds, 
incisors, canines, and molars, differing from one another in size 
and shape. The incisor teeth are generally six in each jaw ; 
the canines are always two in each jaw, and are much longer 
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and larger than the other teeth. The molars are mostly cutting 
teeth, furnished with sharp uneven edges, but one or more of 
the hinder teeth have tuberculate crowns. The molars, too, 
graduate from a cutting to a tuberculate form as the diet is 
strictly carnivorous or becomes more or less miscellaneous. 

The dental formula differs considerably in different members 
of the order, but subjoined is the dental formula of the Cats 
(Felide), which are the most typical examples of the Carnivora— 
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Besides the strictly flesh-eating dentition of the Carzivora, 
the order is distinguished by always having the feet provided 


Fig. 180.—Feet of Carnivora (after Owen). A, Plantigrada, Foot of Bear ; 
Bb, Pinnigrada, Hind-feet of Seal; C, Digitigrada, Foot of Lion. 


with strong, curved claws, and the collar-bones (clavicles) are 
either quite rudimentary, or are altogether absent. The Car- 
mivora are divided into the following three sections, founded 
upon the nature of the limbs :— 


1. Pznnigrada (fig. 180, B), in which both the fore and hind 
legs are short, and the feet form broad, webbed, swimming- 
paddles. The hind-feet are placed very far back, nearly in a 
line with the axis of the body, and they form with the hinder 
end of the body a powerful caudal fin. In this section are the 
Seals and Walruses. 
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2. Plantigrada (fig. 180, A), comprising the Bears, in which 
the whole, or nearly the whole, of the foot is applied to the 
ground, so that the animal walks upon the soées of the feet. 

3. Digitigrada (fig. 180, C), comprising the Cats, Lions, Tigers, 
Dogs, &c., in which the heel is raised from the ground, and the 
animal walks upon tip-toe. 


The Seals and Walruses, forming the family Pznnuigrada, are 
distinguished from the other Carnzvora by their adaptation to 
an aquatic mode of life. In this respect they agree with the 
thoroughly aquatic Whales and Dolphins, but they differ from 
both the Cetacea and the Szrezza, not only in their dentition, 
but also in always having well-developed Azna-limbs. The 
Seals (fig..181), are characterised by having incisor teeth in 


Fig, 181.—Greenland Seal (Poca Groenlandica). 


both jaws, at the same time that the canine teeth are not 
immoderately developed. They form a very numerous family, 
of which species are found in most seas out of the limits of the 
tropics. They abound, however, especially in the seas of the 
Arctic and Antarctic regions. They are largely captured both 
for their oil and for their fur. The Walrus or Morse (Z7rechecus) 
is distinguished from the true Seals by the fact that in the adult, 
only two of the upper incisors are present ; whilst the upper 
canines are enormously developed, and form two pointed tusks— 
fifteen inches or more in length—which are directed downwards 
between the small lower canines, and project considerably 
below the chin. The Walrus is a large heavy animal, from 
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ten to fifteen feet in length, which is found in flocks in the Arctic 
seas, and is hunted both for its blubber and for the ivory of the 
tusks, 

The Plantigrade Carnivora apply the whole or the greater 
part of the sole of the foot tothe ground in walking ; and this 
portion of the foot is nearly or altogether destitute of hairs, 
except in the White Bear. The most typical members of the 
Plantigrada are the Bears (Urside), of which the common 
Brown Bear and the White or Polar Bear are familiar examples. 
The Bears are much less purely carnivorous than the majority 
of the order, and, in accordance with their omnivorous habits, 
the teeth do not exhibit the typical carnivorous characters. The 
incisors and canines have their usual carnivorous form, but the 
premolars and molars are furnished with broad tubercular 
crowns. ‘The claws are large, curved, and strong, but are not 
retractile. The tongue is smooth, the ears small and erect, the 
tail short, the nose mobile, and the pupil circular. Most of 
the Bears are only carnivorous in so far that they eat flesh when 
they can get it; but a great part of their food consists of roots, 
acorns, honey, and even insects. 

Nearly related to the true Bears are the familiar Racoons 
(Procyon) of America, the Coatis (Vasua) of South America, and 
the Wah (Az/urus) of India. 

The only remaining Plantigrades of importance are the Bad- 
gers (AZe/es) of Europe, Asia, and America, the Gluttons or 
Wolverines (Gz/o) of the same continents,and the Honey-badgers 
(Mellivora) of Africa. 

Forming a kind of transition between the Plantigrada and 
the Digitigrada is a group of Carnivora which comprises 
numerous forms, such as the Weasels, Otters, and Civets, which 
apply part, but not the whole, of the sole of the foot to the 
ground. 

The Weasels (/wustelide) have short legs, and elongated, 
worm-like bodies, with a stealthy, gliding mode of progression. 
Good examples are the Pole-cat, the Mink, the Ermine, and 
the Sable. The two latter furnish the beautiful and valuable 
furs known by -their names. Here also belongs the Skunk 
(Mephitis), celebrated for its intensely disagreeable odour when 
alarmed or irritated. The Otters are nearly allied to the Weasels, 
but have webbed feet adapted for swimming. The great Sea- 
otter yields a very valuable fur. The Civets and Genettes 
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(Viverride) all belong to the Old World. The true Civet-cat 
inhabits North Africa, and is furnished with a pouch which 
secretes the peculiar fatty substance which is used as a perfume 
under the name of “ civet.” 

The typical group of the Carnivora is that of the Digttigrada, 
comprising the three tribes of the Dogs (Cand), the Hyzenas 
(Hyenide), and the Cats (felde). The family Canéde com- 
prises the true Dogs, the Wolves, the Foxes, and the Jackals, 
all characterised by their pointed muzzles, smooth tongues, and 
non-retractile claws, and by the fact that the fore-feet have five 
toes, whilst the hind-feet have only four. In the Hyenide, 
comprising the Hyzenas, there are only four toes to all the feet, 
the muzzle is rounded, the tongue is rough, and the hind-legs 
are shorter than the fore-legs, The Hyznas are ill-conditioned, 
ferocious animals, which occur in Africa, Asia Minor, Arabia, 
and Persia, 

The most highly carnivorous, and therefore the most typical, 
group of the Carnzvora is that of the Cats or Fedde, compris- 
ing the Lions, Tigers, Leopards, Panthers, Cats, and others. 
In all these the animal walks lightly upon the tips of the toes, 
and the soles of the feet are hairy. The jaws are short, and 
owing to this and to the great size of the muscles which move 
the lower jaw, the head assumes a rounded form, with a short 
muzzle. The molars and premolars are fewer in number than 
in any other of the Cavuzvora—hence the shortness of the jaws; 
and they are all furnished with cutting edges, except the last 
molar in the upper jaw, which is tuberculate. The legs are 
nearly of equal length, and the hind-feet have only four toes, 
whilst the fore-feet have five toes each. All the toes are fur- 
nished with strong curved retractile claws, which, when not 
in use, are withdrawn within sheaths by the action of elastic 
ligaments. The tongue is armed with horny eminences, which 
render it rough and prickly, and adapt it for the office of licking 
flesh from the bones of the prey. They are all extremely light 
upon their feet, and excessively muscular; and all have the 
habit of seizing their prey by suddenly springing upon it. In 
this section are the Lion (Fe/s /eo), the Tiger (Felis tgrds), the 
Jaguar (/elzs onca), the Puma (feds concolor), the Leopard 
(Felis leopardus), the Lynxes, and the true Cats. 

The Lions are entirely confined to the Old World, inhabiting 
Southern Asia and Africa. The males are maned, and the tail 
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is tufted. The Royal Tiger is exclusively Asiatic, as are most of 
the Tiger-cats, but some of the latter are American. The 
Spotted Cats or Leopards are represented, among others, by the 
Leopard and Cheetah of the Old World, and the well-known 
Jaguar of the American Continent. The Puma is also American, 
but its colour is uniform. The Lynxes are distinguished by 
their tufted ears, and are found both in the Eastern and Western 
hemispheres. 


ORDER X. RODENTIA—lIn this order are a number of small 
animals, characterised by the absence of canine teeth, and the 
possession of two long curved incisor teeth in both jaws, which 
are separated by a wide interval from the molars (fig. 182). 
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Fig. 182.—A, Skull of the Beaver (after Owen); B, Diagram of one of the incisor 
teeth of a Rodent, showing the chisel-shaped point. a Enamel; @ Softtooth- 
substance (dentine). 


There are seldom more than two incisors in the upper jaw 
(sometimes four), but there are never more than two in the 
lower law. The molar teeth are few in number (rarely more 
than four on each side of each jaw). The feet are usually fur- 
nished with five toes each. 

The most characteristic point about the Rodents is to be 
found in the structure of the incisor teeth, which are adapted 
for continuous gnawing. They grow from persistent pulps, 
and consequently continue growing as long as the animal lives. 
They are large, long, and curved, and are covered in front with 
a layer of hard enamel, so that the softer parts of the tooth are 
placed behind (fig. 182, B). The result of this is, that as the 
tooth is used in gnawing, the softer parts behind wear away 
more rapidly than the hard enamel in front, and thus the crown 
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of the tooth acquires by use a chisel shape, bevelled away be- 
hind, and the enamel forms a persistent cutting edge. The Ro- 
dents are almost all of small size, and are very prolific. They 
subsist principally, if not entirely, on vegetable matters, espe- 
cially the harder parts of plants, such as the bark and roots. 
Many possess the power of building very elaborate nests, and 
most of them hybernate (z¢., remain torpid throughout the win- 
ter). They are very generally distributed over the whole world. 

The order Rodentia comprises a large number of families, of 
which little more than the names can be mentioned. The most 
important families of Rodents are the following : 1. Leforide, 
comprising the Hares and Rabbits. The Hares generally occur 
in temperate regions, but some are African, and one species 
occurs in the Arctic regions, while the common American Hare 
(Lepus Americanus) extends from Canada to Mexico. 2. 


Fig. 183.—Hamster (Cricetus vulgaris). 


Cavide, comprising the Capybaras, Guinea-pigs, &c. The 
Capybara is the largest of living Rodents, and is not unlike a 
small pig. It is anative of South America, and leads an amphi- 
bious life. Here also belong the Agoutis (Dasyfrocta) of South 
America and the West Indies, and the Pacas of South America. 
3. Hystricide, comprising the Porcupines, and characterised 
by the fact that the body is covered with longer or shorter 
spines or quills mixed with bristly hairs. Most of the Porcupines 
live in burrows, and are much like the Rabbits in their habits, 
but some are furnished with prehensile tails, and live in trees. 
4. Castorid@ or Beaver family, comprising the Beaver, Musquash, 
and Coypu. The Beaver has webbed feet and a scaly tail, and 
the fur is an article of considerable value. It inhabits both 
y 
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North America and Europe. The Musquash resembles the 
Beaver in many respects, and is also a native of Northern 
America; but the Coypu is South American. 5. Muride, 
comprising the Mice, Rats, Hamster (fig. 183), Lemmings, &c, 
The Rats and Mice are too well known to require more than 
merely to be mentioned. 6. Dzfodide, comprising the Jerboas 
of the Old World, and the Jumping Mice of America, 7. 
Myoxide, comprising the Dormice, which must not be con- 
founded with the true Mice on the one hand, or with the Shrew- 
mice on the other hand. 8. Sciurvid@,comprising the Squirrels, 
Flying Squirrels, and Marmots, The Flying Squirrels do not 
really fly, but, like the “ flying” Phalangers, they take long 
leaps from tree to tree by means of laterally-extended folds of 
skin. The Marmots, unlike the typical Squirrels, are ground- 
animals, and live in burrows. An excellent example is afforded 
by the Prairie-dog (Arctomys Ludovicianus) of North America. 


ORDER XI. CHEIROPTERA.— This order is undoubtedly one 


Fig. 184.—Skeleton of a Bat (Pzevopus). . (After Owen.) 


of the most natural and distinctly circumscribed orders in the 
whole class of the Mammatia, comprising only the Bats. In 
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many respects, however, it might be well to regard the order as 
merely a modified branch of the /zsectivora, just as the Pizzt- 
grada are regarded as a modified offshoot of the Carnivora. 
The Chetropiera or Bats.are essentially characterised by the 
fact that the fore-limbs are much longer than the hind-limbs, 
and have several of the fingers enormously elongated. These 
enormously lengthened digits are united by an expanded leathery 
membrane or “patagium,” which not only stretches between 
the fingers, but is also extended between the fore and hind 
limbs, and is attached to the sides of the body (fig. 184). The 
patagium thus formed often includes the tail, and is nearly or 
quite naked or destitute of hairs on both sides. It is used as 
an organ of true flight, and, in accordance with this, there are 
well-developed collar-bones (clavicles), and the breast-bone is 
furnished with a ridge for the attachment of the pectoral mus- 
cles. Of the fingers of.the hand at least three are destitute of 
nails. The mammary:glands are placed upon thechest. Teeth 
of three kinds are always present, and the canines are always 
well developed. 

The Bats are all twilight-loving or nocturnal animals, and 
they are the only Mammals which possess the power of true 
flight, though several others can make extended leaps from tree 
to tree. The eyes are small, but the ears are very large, and 
their sense of touch is most acute. During the day they retire 
to caves or crevices in rocks, where they suspend themselves by 
the short thumbs, which are provided with claws. In their 
flight, though they can turn with great ease, they are by no 
means as rapid and active as the true Birds. The tail is some- 
times very short, sometimes moderately long, and is usually in- 
cluded in a continuation of the “ patagium,” which extends be- 
tween the hind-legs: The body is covered with hair, but the 
patagium is usually nearly or quite hairless. Most of the Bats 
hybernate. 

The Cheiroptera are conveniently divided into the two sec- 

tions of the Insectivorous and Frugivorous Bats. In the first 
section are all our British species, which universally live upon 
insects, In the second, or fruit-eating, section of the Chezrop- 
tera are only the Fox-bats (Ptevopid@), which are especially 
characteristic of the Pacific Archipelago, inhabiting Australia, 
Java, Sumatra, Borneo, &c., but occurring also in Asia and 
Africa. ‘They are amongst the largest of the Bats, one species 
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—the Pteropus edulis or Kalong—attaining a length of from 
four to five feet from the tip of one wing to the tip of the other. 


ORDER XII. INSECTIVORA.—The twelfth order of Mammals 
is that of the /7sect¢vora, which comprises a number of small 
animals, very similar in many respects to the Rodents, but 
wanting the peculiar incisors of that order, and also being pro- 
vided with clavicles. All the three 
kinds of teeth are present, but the 
dentition is very various, and the 
only common character is that the 
crowns of the molar teeth are 
furnished with small pointed emin- 
ences or cusps, adapted for crush- 
. ing insects. All the toes have 

oe Sistine ae claws; there are usually five toes 

ius Biurakewey. to each foot, and most of the /7- 

sectivora are plantigrade, that is 
to say, walk upon the soles of the feet. They are all small, 
and they exist over the whole world, except in Australia and 
South America, where their place is taken by Marsupials, such 
as the Opossums. 

The Jnsectivora are divided into the three families of the 
Moles (Zadfide), the Shrews (Soricide), and the Hedgehogs 
(Evinaceidz), The Moles (fig. 186) are distinguished by having 


Fig. 186.—Insectivora. Mole (Zaléa Europea). 


the body covered with hair, the feet short and formed for dig- 
ging, and the toes furnished with strong, curved claws. There 
is no external ear, and the eyes are either extremely small, or 
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are completely concealed beneath the fur. They are all noc- 
turnal burrowing animals. The Star-nosed Moles (Condylura) 
are American, but their habits are like those of the European 
Mole (Zalpa Europea, fig. 186). The Golden Moles (Czryso- 
chloris) are African, and are remarkable for the iridescence of 
their fur. The Shrews are very like the true Mice in external 
appearance, but they are really widely different. The body is 
covered with hair, the feet are not adapted for digging, and there 
are mostly external ears, while the eyes are well developed. No 
division of the /zsectzvora is more abundant or more widely 
distributed than the Sorzczde, and one of the Shrews is pro- 
bably the smallest of existing Mammals, not exceeding two and 
a half.inches in length, counting in the tail. Besides the true 
Shrews (Sorex), this family includes also the Elephant Shrews 
(Wacroscelides) of Africa, and the common Water-mole (Scalops 
aguaticus) of North America, The third family includes only 
the well-known Hedgehogs, which have the power of rolling 
themselves into a ball at the approach of danger, and which 
have the upper surface of the body covered with short prickly 
spines, forming a protective armour. The common European 
Hedgehog (Arinaceus Europeus) is the type of the family, but 
other species occur in Africa and India. The ‘“ Tenrecs” 
(Centetes) of Madagascar are closely allied to the Hedgehogs, 
but have no power of rolling themselves up. The “ Banxrings” 
(Tupaza) of the Indian Archipelago have a long, compressed 
tail, and live mostly in trees. 

Before passing on to the next order, a few words must be said 
about a curious transitional form, which has been alternately 
placed in the Checrofiera, the [usectivora, or the Quadrumana, 
or has been regarded as the type of a separate order. The ani- 
mal alluded to is the so-called Flying Lemur (Galeopithecus 
volitans), of which more than one species is known as inhabit- 
ing the Indian Archipelago. The leading characteristic in this 
singular animal is the possession of a flying-membrane, which 
extends as a broad expansion from the nape of the neck to the 
arms, from the arms to the hind-legs, and from the hind-legs 
to the tail. The fingers are not elongated, and do not support 
a “ patagium,” so that the animal has no power of true flight, but 
can simply take extended leaps from tree to tree. The Galeopz- 
thecus lives chiefly upon small insects and birds, and it should, 
probably, be regarded as an aberrant form of the /zsectivora. 
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ORDER XIII. QUADRUMANA.—The thirteenth order of Mam- 
mals is that of the Quadrumana, comprising the Apes, Mon- 
keys, Baboons, and Lemurs. The characteristic of this order 
is that the innermost toe (great toe) of the hind-limbs can 
be offosed to the other toes, so that the hind-feet become pre- 
hensile hands. The term “opposed” simply implies that the 
toe can be so adjusted as regards the extremities of the other 
toes, that any object can be grasped between them, just as 
the thumb of the human hand can be “ opposed” to any of the 
fingers. The fore-feet may be destitute of a thumb, but when 
this is present, it too is generally opposable to the other digits, so 
that the animal becomes truly four-handed or “ quadrumanous.” 

The Quadrumana are divided into three very natural sections, 
separated from one another both by their anatomical characters 
and their geographical distribution. 

Section A, Strepsirhina.—Characterised by having the nos- 
trils twisted or curved, and placed at the end of the nose, whilst 
the second toe of the hind-feet is furnished with a claw. The 
OQuadrumana of this section are chiefly referable to Madagascar 
as their geographical centre, but they spread from Madagascar 
westwards into Africa, and eastwards to the Indian Archipelago. 
In this family are the Aye-Aye (Chezromys), the Loris (Vycti- 
cebide), and the Lemurs (Lemuvida). 

The Aye-Aye is confined to Madagascar, and is not unlike 
a large squirrel in appearance, having along bushy tail. The 
incisors grow from permanent pulps, like those of Rodents, and 
there are no canines. The Loris and Slow Lemurs have either 
no tail or a rudimentary one, and they are confined to Southern 
Asia, and the great islands of the Indian Archipelago. The 
true Lemurs are natives of Madagascar, and are often spoken 
of as “ Madagascar cats.” They have a soft, woolly fur, and a 
Jong tail, which is prehensile. The second toe of the hind-foot 
has a long and pointed claw. 

Section L. Platyrhina.—This section includes those monkeys 
in which the nostrils are simple, and are placed far apart ; the 
thumbs of the fore-feet are wanting, or, if present, are not oppos- 
able; and the tail is generally prehensile. The Platyrhine 
Monkeys are exclusively confined to South America, occurring 
especially in Brazil, and they are all adapted for a more or less 
purely arboreal life. The best-known members of this section 
are the Marmosets (Yafal/ide), and the great family of the Ce- 
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bide, comprising the Spider-monkeys, the Howlers, and others. 
The Howlers (d/ycefes) are remarkable for having a bony 
drum at the summit of the windpipe, by which the voice is ren- 
dered extraordinarily resonant, and peculiarly weird and terrify- 
ing to those who hear it. 

Section C. Catarhina—In this, the highest section of the 
Quadrumana, the nostrils are oblique and placed close together, 
and the thumbs of all the feet are opposable, so that they are 
truly “quadrumanous.” The dental formula agrees with that 
of man : 


SoA = 2—2 
Z : = pm - ;m2 ‘=3 =o ter 
2—2 Slee 2—2 3—3 


The incisor teeth, however, are prominent and projecting, and 
the canines, especially in the males, are large and pointed, whilst 
the teeth form an uneven series. The tail is never prehensile, 
and is sometimes absent. Cheek-pouches are often present. 
In one single instance (Colobus) the thumbs of the fore-limbs 
are wanting. 


Fig. 187-—Quadrumana. Green Monkey (Cercocebus sabeus). (After Cuvier.) 


With the single exception of a Monkey which occurs on the 
Rock of Gibraltar, all the Catarhine Monkeys are confined to 
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Africa and Asia. The most typical forms of the section are the 
Semnopitheci and Macaques of Asia. Less typical are the Ba- 
boons, which inhabit Africa, and are amongst the most repul- 
sive of all the Quadrumana. In these the tail is always short, 
and often quite rudimentary. The head is large, and the muzzle 
greatly prolonged, having the nostrils at its extremity. More 
than any other of the Monkeys they employ the fore-limbs in 
terrestrial progression, running upon all fours with the greatest 
ease, 

The third family of the Catarhine Monkeys is that of the Az- 
thropotd Apes, so called from their making a nearer approach 
to man in anatomical structure than is the case with any other 
Mammal. The Anthropoid Apes are distinguished by having 
no tail nor cheek-pouches. The hind-limbs are short—shorter 
than the fore-limbs—and the animal can progress in an erect 
or semi-erect posture. At the same time the hind- feet are 
strictly prehensile, since the thumbs are opposable to the other 
toes. The canine teeth of the males are very long, strong, and 
pointed, but this is not the case in the females. 

In this tribe are the Gibbons, the Chimpanzee, the Orang- 
outang, and the Gorilla. The Gibbons form the genus y/odates, 
and they belong to Asia, India, and the Indian Archipelago. 
The anterior limbs in these monkeys are extremely long, and 
the hands nearly or quite touch the ground when the animal 
stands erect. The Orang-outang (.Szwza) has no cheek-pouches, 
and the hips are covered with hair. The arms are of excessive 
length, and the hind-legs very short. When young, the head of 
the Orang-outang is not very different from that of a child, but 
as the animal grows, the bones of the face gradually lengthen, 
whilst the skull remains much about the same; great bony 
ridges are developed for the attachment of the muscles which 
act upon the jaws; the incisors project ; the canine teeth of the 
males become long and pointed, till ultimately the muzzle be- 
comes as pronounced and well-marked as in the Carnivorous 
animals (fig.188, A). The best-known speciesof Orang is the Szmza 
Satyrus, which inhabits Sumatra, Borneo, and the other larger 
islands of the Indian Archipelago ; but there are probably other 
species or varieties. The Chimpanzee and Gorilla both belong 
to Africa, and form the genus 7voglodytes. ‘The Chimpanzee is 
a native of Western Africa, and has the arms much shorter pro- 
portionately than in the Gibbons and Orangs. Still they are 
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much longer than the hind-limbs, and reach below the knees. 
The hands are naked to the wrist, and the face is also naked 
and much wrinkled. The Gorilla is in most respects like the 
Chimpanzee, but is much larger, attaining a height of fully five 
feet. It is a native of Lower Guinea and Equatorial Africa, and 
is enormously strong and very ferocious. It is now generally 
looked upon as the highest of the Anthropoid Apes. 


ORDER XIV. BIMANA.—In this order stands Man alone, and 
little, therefore, needs to be said on this head. Man is distin- 
guished zoologically from all other Mammals by his habitually 
erect posture and progression upon two legs. The lower limbs 
are exClusively devoted to progression and to supporting the 
weight of the body. The fore-limbs are shorter than the 
legs, and have nothing to do with progression. The thumb can 
be opposed to the other fingers, and the hands are therefore 
prehensile. The fingers and toes are furnished with nails; but 
the innermost digit of the foot (the great toe) is not capable of 
being opposed to the other toes, so that the foot is useless as a 
grasping organ. The foot is broad and plantigrade, the whole 
sole being applied to the ground in walking. 

Theteeth are thirty-two in number, and they form a nearly 
even and uninterrupted series, without any gap or interval, The 
dental formula is— 


.2—2 


L=1 2—2 —3 
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The brain is more largely developed, and more richly furnished 
with large and deep foldings or convolutions, than is the®case in 
any other Mammal. Lastly, Man is the only terrestrial Mam- 
mal in which the body is not furnished with a general covering 
of hair. 

The purely axatomical distinctions between Man and the 
other Mammals are thus seen to be not very striking, and a 
themselves they would hardly entitle Man to the position of 
more than a distinct order in the class Mammalia. When, 
however, we take into account the vast and unsurmountable 
mental differences, both intellectual and moral, between Man 
and the highest of the brutes, and when we reflect that this 
mental difference must have some physical correspondence, it 
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becomes a question whether the group Bzmana should not have 
the value of a distinct sub-kingdom, whilst there can be little 
hesitation in giving Man at least a class to himself. 


ges’ 


188.—A, Skull of the Orang-outang; B, Skull of a European adult. 


In the words of Dr Pritchard, “ the sentiments, feelings, sym- 
pathies, internal consciousness, and mind, and the habitudes of 
mind and action thence resulting, are the real and essential 
characteristics of humanity.” 


TABULAR VIEW OF THE CHIEF DIVISIONS OF THE VERTEBRATA. 


SECTION A. ICHTHYOPSIDA :— 


Cass I, Pisces (FISHES).—Respiration by gills ; heart usually of 
one auricle and one ventricle ; blood cold; limbs, when present, in the 
form of fins. 

Order 1. Pharyngobranchiii—Ex. Lancelet. 

Order 2. Marsipobranchit.—£x. Lampreys and Hag-fishes. 

Order 3. Ze/eosted.—Ex. Eels, Herrings, Cod, Flat-fishes, Sal- 
mon, and Trout. 

Order 4. Ganoidet.—Ex. Bony Pike, Sturgeons. 

Order 5. ELlasmobranchiit.—Z£x. Sharks and Rays. 

Order 6. Dipnot.—Zx. Mud-fish. 


Cxiass II. AMPHIBIA.—Respiration at first exclusively by gills, after- 
wards by lungs, alone or associated with gills ; skull with two condyles ; 
limbs never converted into fins ; heart of the adult composed of two 
auricles and one ventricle, 
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Order 1. Labyrinthodontia Ex. Labyrinthodon. 

Order 2. Ophiomorpha.—ELx. Cecilia. 

Order 3. lchthyomorpha or Urodelan—Ex. Newts. 

Order 4. Zheriomorpha or Anoura—Ex, Frogs and Toads. 


SECTION B, SAUROPSIDA :— 

Cuass III. RepTiLiA.—Respiration aerial, never by gills ; pulmonary 
and systemic circulations always connected together, either within the 
heart itself, or in its immediate neighbourhood ; blood cold ; skull with 
one condyle; integumentary covering in the form of scales or plates, 
and never in the form of feathers. . 

Order 1. Chelonia.—Ex. Tortoises and Turtles. 
Order 2. Ophidia.—Ex. Vipers, Boas, Rattlesnakes. 


Order 3. Lacertilia.—Ex. Lizards, Geckos, Monitors. 
Order 4. Crocodilia.—Ex. Crocodiles and Alligators, 
Order 5. Lchthyopterygia.—Ex, Ichthyosaurus. 

Order 6. Sauropterygia.—E£x. Plesiosaurus. 

Order 7. Pterosauria.—Lx. Pterodactyle. 

Order 8. Anomodontia. 


Order 9. Deinosauria. 


CLass IV. Aves (Brrps).—Respiration aerial ; lungs connected with 
air-sacs ; heart four-chambered ; blood warm; integumentary covering 
in the form of feathers ; fore-limbs converted into wings; animal ovi- 
parous ; skull with one condyle. 

Order 1. WMatatores (Swinmers).—Lx. Ducks, Geese, Penguins, 
Gulls, Petrels. 

Order 2. Grallatores (Waders).—Ex. Rails, Cranes, Herons, 
Snipes, Curlews, Plovers. 

Order 3. Cursores (Runners).—Lx. Ostrich, Emeu, Cassowary, 
Apteryx. 

Order 4. Rasores (Scratchers) —Ex. Grouse, Pheasants, Pea- 
fowl, Common Fowl, Pigeons. 

Order 5. Scansores (Climbers)—Lx. Parrots, Cuckoos, Wood- 
peckers. 

Order 6. Lmsessores (Perchers),—Lx. Crows, Finches, Linnets, 
Larks, Shrikes, Thrushes, Humming-Birds, Swai- 
lows, Swifts, King-fishers. 

Order 7. Raptores (Birds of Prey) —Ex. Owls, Hawks, Buz- 
zards, Eagles, Vultures. 

Order 8. Saurure.—£x. Archeopteryx. 


SECTION C. MAMMALIA :— 


Crass V. MAMMALIA.—Respiration aerial ; lungs not connected with 
air-sacs ; heart four-chambered ; blood warm ; integumentary covering 
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in the form of hairs ; the young nourished by milk, secreted by special 
glands—the mammary glands ; skull with two condyles. 


DIvIsion A. NON-PLACENTAL MAMMALS, 


Order 1. Monotremata.—Ex. Duck-mole, Echidna. 


Order 2. Marsupialia.—Ex. Kangaroos, Opossums, Bandicoots, 
Wombats, 


Division B. PLACENTAL MAMMALS. 


Order 3. Zdentata.—ZLx. Sloths, Ant-eaters, Armadillos. 

Order 4. Stventa.—Ex. Manatee, Dugong. 

Order 5. Cetacea.—Ex. Whales, Dolphins. 

Order 6. Ungulata.—£x. Rhinoceros, Tapirs, Horse, Ass, 
Hippopotamus, Hogs, Camels, Giraffe, Deer, 
Antelopes, Oxen, Sheep, Goats. 

Order 7. Hyracoidea.—Ex. Hyrax. 

Order 8- Proboscidea.—Lx. Elephants. 

Order 9. Carnivora.—Ex. Seals, Walrus, Bears, Weasels, 
Otters, Dogs, Wolves, Foxes, Lions, Tigers, Cats. 

Order 10. Rodentia.—Ex. Hares, Rabbits, Porcupines, Beavers, 
Rats, Mice, Squirrels. 

Order 11. Chetroptera.—£x. Bats, and Fox-bats. 

Order 12. Jnsectivora—Lx. Moles, Shrew-Mice, Hedgehogs, 
Flying-Lemur. 

Order 13. Quadrumana—LEx. Lemurs, Spider-Monkeys, Ba- 
boons, Gibbons, Orang, Chimpanzee, Gorilla. 

Order 14. Bimana.—Man. 


GLOSSARY, 


ABDOMEN (Lat. abdo, I conceal). The posterior cavity of the body, con- 
taining the intestines and others of the viscera. In many Invertebrates 
there is no separation of the body-cavity into thorax and abdomen, and 
it is only in the higher Annulosa that a distinct abdomen can be said to 
exist. 

grteas (Lat. abervo, I wander away). Departing from the regular 
ype. 

ABNORMAL (Lat. ab, from; norma, a rule). Irregular; deviating from 
the ordinary standard. 

ABoMASUM. The fourth cavity of the complex stomach of the Ruminants. 

ee aes (Gr. a, without; bragchia, gills). Destitute of branchiz 
or gills. 

ACANTHOCEPHALA (Gr. acantha, a thorn; kephale, head). <A class of para- 
sitic worms in which the head is armed with spines. 

ACARINA (Gr. akari, a mite). A division of the Arachnida, comprising 
the mites and ticks. 

ACCRETION (Lat. accresco, I grow larger). The process by which inorganic 
bodies (such as crystals) grow larger, by the addition of fresh particles 
from the outside. 

ACEPHALOUS (Gr. a, without; kephale, head). Not possessing a distinct 
head. 

AcTINOSOMA (Gr. aktin, a ray ; soma, body). Employed to designate the 
entire body of any Actinozoén, whether this be simple (as in the sea- 
anemones) or composed of several zodids (as in most corals), 

AOTINOZOA (Gr. aktin, a ray ; zon, ananimal). That division of the Celen- 
terata of which the sea-anemones may be taken as the type. 

ADpDucToR (Lat. adduco, I bring together). The muscles which bring to- 
gether the valves of the shell of the Bivalve molluscs are known as the 
** adductors.”’ 

AERIAL (Gr. aér, air). Living in the air ; enjoying the power of flight. 

AMBULACRA (Lat. ambulacrum, a place for walking). The perforated 
spaces or ‘‘avenues” in the shell of the Hchinoidea, through which are 
protruded the locomotive tube-feet. 

AMETABOLIC (Gr. a, without ; metabole, change), Applied to those insects 
which do not possess wings when fully grown, and which do not, there- 
fore, pass through any well-marked metamorphosis. 

Ama@BA (Gr. amoibos, changing). A species of Rhizopod, so called from 
the numerous changes of form which it undergoes. 

AmorPHOUS (Gr. a, without; morphe, shape). Not having any definite 
figure. 

AMPHIBIA (Gr. amphi, both ; bios, life). <A class of the Vertebrata compris- 
ing Frogs, Newts, and the like, which have always gills when young, 
but always develop lungs when fully grown. Most of them, therefore, 
live indifferently on land or in water. 

AMPHICG@LOUS (Gr. amphi, at both ends ; koilos, hollow). Applied to ver- 
tebre which are doubly concave, or hollow at both ends. 
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AMPHIDISC¢S (Gr. amphi, at both ends; diskos, a quoit, or round plate). The 
spicules which surround the reproductive ‘‘gemmules” of Spongilla, 
and resemble two toothed wheels united by an axle. . 

AMPHIOXuUS (Gr. amphi, at both ends ; oxus, sharp). The Lancelet, a cur- 
ious little fish, which alone constitutes the order Pharyngobranchti. 

AmMPHIPODA (Gr. amphi; and podes, feet), An order of the Crustacea, 
so called because some of the feet are directed forwards and some back- 
wards. 

Awnatogous. Applied to parts which perform the same function. 

ANARTHROPODA (Gr. a, without ; arthros, a joint ; podes, feet). The divi- 
sion of Annulose animals in which there are no articulated appendages. 

ANNELIDA (a Gallicised form of Annulata, Lat. annulus, a ring). The 
Ringed worms, which form one of the divisions of the Anarthropoda. 

ANNULOIDA (Lat. annulus, a ring; Gr. eidos, form). The sub-kingdom 
comprising the Hchinodermata and the Scolecida. 

ANNULOSA (Lat. annulus, a ring). The sub-kingdom comprising the 
Anarthropoda and the Arthropoda or Articulata, in all of which the body 
is more or less evidently composed of a succession of rings. : 

ANomoponv'rA (Gr. anomos, irregular ; odous, tooth). An extinct order of 
reptiles, called by Huxley Dicynodontia. 

ANoMURA (Gr. anomos, irregular ; owra, tail). A tribe of Decapod Crus- 
taceans, of which the Hermit-Crabs are the type. 

ANOPLURA (Gr. anoplos, unarmed ; ow/'a, tail). An order of apterous in- 
sects. 

AnourA or ANURA (Gr. a, without ; owra, tail). An order of Amphibia 
Sopra, the Frogs and Toads, in which the adult is destitute of a 
tail, 

ANTENNA (Lat. antenna, a yard-arm). The jointed horns or feelers pos- 
sessed by the majority of the Articulata, 

ANTENNULES (diminutive of antenne). Applied to the smaller pair of 
antennee in the Crustacea. 

ANTHROPOID (Gr. anthropos, man ; eidos, form). Applied to those monkeys 
which make the nearest approach in anatomical structure to man. 

APHANIPTERA (Gr. aphanos, inconspicuous ; pteron, a wing). An order 
of insects comprising the fleas. 

APLACENTAL (Gr. a, without ; Lat. placenta, a cake). Applied to those 
Mammals in which the young is destitute of a placenta (see Placenta). 

APTEROUS (Gr. a, without; pteron, a wing). Destitute of wings. 

Aquatic (Lat. aqua, water). Inhabiting water. 

AQUIFEROUS (Lat. aqua, water; fero, I carry). Applied to the water- 
carrying ¢anal-system of the sponges. 

ARACHNIDA (Gr. arachne, a spider), A class of Articulata, comprising 
spiders, scorpions, and allied animals. 

ARANEIDA (Lat. wranea, a spider), The order of Avachnida comprising 
the true spiders. 

ARCHRHOPTERYX (Gr. archaios, ancient; pterux, a wing). <A fossil bird, 
which alone constitutes the order Saurure. 

ARENACEOUS. Sandy, or composed of grains of sand. 

ARTHROPODA. (Gr. arthros, a joint; podes, feet). Thedivision of Annu- 
losa, in which the body is furnished with jointed appendages. 

ARTICULATA (Lat. articulus, diminutive of artus, a joint). Sometimes 
used in the same sense as the term Arthropoda. — 

ARTIODACTYLA (Gr. artios, even; daktulos, a finger or toe), <A division 
of the hoofed quadrupeds (Ungulata) in which each foot has an even 
number of toes (two or four). 

ASCIDIOIDA (Gr. askos, a bag or a leather bottle; eidos, form). Some- 
times employed to designate the Z'wnicata, an order of the lower Mol- 
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lusca, from the resemblance of the body in many cases to a two-necked 
jar. 

AspxuaL. Applied to modes of reproduction in which the sexes are not 
concerned (¢.g., gemmation and fission). 

ASTEROIDEA (Gr. aster, a star; and etdos, form). An order of Hchinoder- 
mata, comprising the Star-fishes, characterised by their rayed form. 

ASTOMATOUS (Gr. @, without ; stoma, mouth). Not possessing a mouth. 

ATRIUM (Lat. a hall). Applied to the large chamber or “‘ cloaca,” into 
which the intestine opens in the 7'unicata. 

AURICLE (Lat. auricula, a little ear). Applied to the cavity of the heart 
which drives the blood into the ventricle. 

AVES (Lat. avis, a bird). The class of the Birds. 


BaLancers. The knobbed filaments which represent the posterior pair of 
wings in Dipterous Insects ; also called “‘ poisers.” 

BALANIDA (Gr. balanos, an acorn) A family of Cirripedia, commonly 
spoken of as ‘* Acorn-shells.”’ 

BALEEN (Lat. balena,a whale). The horny plates which are placed in the 
upper surface of the mouth of the true or ‘‘ whalebone” Whales, 

BATRACHIA (Gr. batrachos, afrog), Generally applied loosely to any of the 
Amphibia ; but sometimes used to designate either the entire class of 
the Amphibians or the single order of the Anoura. 

BiFID. Cleft into two parts; forked. 

BIMANA (Lat. bis, twice ; manus, hand). The order of Mammalia consti- 
tuted by Man alone. 

BIVALVE (Lat. bis, twice ; valve, folding-doors). Composed of two plates 
of valves; applied to the shell of the Lamelhibranchiata and Brachio- 
poda, and to the carapace of certain Crustacea. 

BLASTOIDEA (Gr. blastos, a bud ; eidos, form). An extinct order of Echi- 
nodermata, often called Pentremites. 

BRACHIOPODA (Gr. brachion, the arm; odes, feet). A class of the lower 
Mollusca, often called ‘‘ Lamp-shells,” characterised by having two 
fleshy ciliated ‘‘ arms ” attached to the sides of the mouth. 

BRACHYURA (Gr. brachus, short; oura, tail). A tribe of Decapod Crusta- 
ceans with short tails ; commonly known as Crabs. 

Bract. Overlapping appendages or plates which protect the polypites in 
many of the Oceanic Hydrozoa. 

BRANCHIA (Gr. bragchia, the gill of a fish). A respiratory organ adapted 
for breathing air dissolved in water. 

BRANCHIATE. Possessing gills. 

BRONCHI (Gr. brogchos, the wind-pipe). The branches of the wind-pipe 
(trachea) by which the air is conveyed to the lungs. 

Brura (Lat. brutus, heavy, stupid). Sometimes used to designate the 
Mammalian order of the Hdentata. ; 

Buccat (Lat. bucca, mouth or cheeks). Connected with the mouth or 
cheeks. 

Byssus (Gr. bussos, flax), The silky threads by which many bivalve Mol- 
luses (such as the Mussels) attach themselves to foreign objects. 


CADUCIBRANCHIATE (Lat. caducus, falling off ; Gr. bragchia, gills). Ap- 
plied to those Amphibians in which the gills fall off before maturity is 
reached (e.9., Newts and Frogs). ; : 

Cmca (Lat. cecus, blind), Terminating blindly, or in a closed extremity. 

Cacum (Lat. cecus), A tube which ends in a blind extremity. 

CALCAREOUS (Lat. calx, lime). Composed of carbonate of lime. 

Cauicy. The little cup in which the polype of acoral-producing Zoophyte 
(Actinozodn) is contained. 
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CALYCOPHORIDE (Gr. kalux, a cup; phero, I carry). An order of the 
Oceanic Hydrozoa, so called from their possessing bell-shaped swim- 
ming organs. 

CaLyx (Lat. a cup). Applied to the cup-shaped body of the Bell-animal- 
cule (Vorticelia) or of the Crinoidea. 

CAMPANULARIDA (Lat. campanula, a bell). A group of Sertularian 
Zoophytes. 

CANINE (Lat. canis, a dog). The eye-tooth in the jaw of Mammals; so 
called because it is particularly well developed in Dogs and other 
carnivorous animals. 

CaRAPack. A protective shield. Applied to the upper shell of Lob- 
sters, Crabs, and many other Crustaceans; and to the upper half of 
the bony case in which the Tortoises and Turtles are enclosed. 

CARNIVORA (Lat. caro, flesh ; voro, I devour). An order of the Mammalia. 

CARNIVOROUS. Living upon animal food. 

CaRPuUS (Gr. karpos, the wrist). The small bones which intervene be- 
tween the fore-arm and hand. 

CATARHINA (Gr. kata, downwards; rhines, nostrils). A group of the 
Monkeys (Quadrumana). 

CAUDAL (Lat. cauda, the tail). Connected with the tail, or hinder end 
of the body. 

CAVICORNIA (Lat. cavus, hollow; cornu, ahorn.) The “ hollow-horned ” 
Ruminants, in which the horn consists of a central bony “ horn-core ” 
surrounded by a sheath of horn. 

CENTRUM (Gr. kentron, the point round which a circle is described by a 
pair of compasses). The central portion or ‘‘ body” of a vertebra. 

CEPHALIC (Gr. kephale, head). Connected with the head. 

CEPHALOPODA (Gr. kephale, head ; podes, feet). A class of the Mollusca 
comprising the Cuttle-fishes and their allies, in which there is a series 
of arms ranged round the head. 

CEPHALO-THORAX (Gr. kephale, head ; thorax, chest). The anterior division 
of the body in many Crustacea and Arachnida, composed of the amal- 
gamated segments of the head and thorax. 

CEREBRAL. Connected with the brain, or in a restricted sense with 
the ‘*‘ cerebrum.” 

CEREBRUM. Sometimes employed in a general way to designate the 
entire brain ; but properly restricted to the ‘‘ hemispheres” of the brain, 
which are believed to be concerned mainly with the discharge of the 
mental functions. 

CERVICAL (Lat. cervix, the neck), Belonging to the neck. 

Crracna (Gr. ketos, a whale). An order of the Mammalia. 

CHATOGNATHA (Gr. chaite, a bristle; gnathos, the jaw). A class of the 
Anarthropoda. 

CHEIROPTERA (Gr. cheir, hand ; pteron, wing). An order of Mammalia. 

CHELE (Gr. chele, claw). The prehensile claws with which certain of 
the limbs are terminated in many of the Crustacea (such as Lobsters, 
Crabs, &c.) 

CHELONIA (Gr. chelone, a tortoise). An order of Reptiles. 

CHITINE (Gr. chiton, a coat). A peculiar chemical principle allied to horn, 
which is found in the outer covering of many of the Invertebrata, espe- 
cially in Arthropoda (Insects, Scorpions, Crustaceans, &c.) 

CHLOROPHYLL (Gr. chloros, green ; phylion, leaf). The green colouring 
matter of leaves. 

CHRYSALIS (Gr. chirusos, gold). The motionless pupa of Butterflies and 
Moths, so called because often exhibiting a golden lustre. 

CHYLE (Gr. chulos, juice). The milky fluid which is the result of the 
action of the various digestive fluids upon the food. 
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CuyLiric (Gr. chulos, juice; Lat. facto, I make). Applied to one of 
the stomachs, when more than one is present. : 

CHYME (Gr. chumos, juice). The acid pasty liquid produced by the action 
of the gastric juice upon the food. 

Cinta (Lat. ciliwm, an eyelash). Microscopic, hair-like filaments, which 
have the power of lashing backwards and forwards, thus creating cur- 
rents in the surrounding fluid, or subserving locomotion in the animal 
which possesses them. 

Crrrul (Lat. cirrus, a curl). Tendril-like appendages, such as the feet 
of Barnacles, and Acorn-shells (Cirripedia), the lateral processes on the 
arms of Brachiopods, &c. 

CIRRIPEDIA (Lat. cirrus, a curl; pes, afoot). A division of the Crus- 
tacea with curled jointed feet. 

CLADOCERA (Gr. klados, a branch; keras, a horn). An order of Crustacea 
with branched antenne, 

CLAVICLE (Lat. clavicula, a little key). The collar-bone, of the pectoral 
or scapular arch. 

Cioaca (Lat. a sink). The common cavity into which open the intestinal 
canal and the ducts of the generative and urinary organs in many In- 
vertebrates, and some Vertebrates. 

Cnip& (Gr. knide, a nettle). The urticating cells (‘‘ thread-cells”) whereby 
many of the Celenterata obtain their power of stinging. 

Cocoon (Fr. cocon, the cocoon of the silk-worm), The outer covering of 
silky hairs with which the pupa or chrysalis of many insects is protected. 

C@&LENTERATA (Gr. kotlos, hollow ; enteron, the bowel), The sub-kingdom 
which includes the Hydrozoa and Actinozoa, the most typical members 
of Cuvier’s division of the Radiata. 

Ca@yosarc (Gr. koinos, common; sara, flesh). The common organised 
medium or stem by which the separate Zodids of a compound Hydi'o- 
zoon or Actinozoén are united together. 

CoLEOPTERA (Gr. koleos, a sheath ; pteron, a wing). The order of Insects 
(Beetles) in which the anterior wings are hardened, and form pro- 
tective sheaths for the posterior membranous wings. 

COLUMBACEL (Lat. columba, a dove). The subdivision of the Rasorial 
birds containing the Doves and Pigeons. 

CONDYLE (Gr. kondulos, a knuckle). The surface by which one bone is 
jointed or articulated to another. Applied especially to the articular 
surfaces by which the head is jointed to the vertebral column. 

CONIROSTRES (Lat. conus, a cone; rostrwm,abeak). The division of perch- 
ing birds with conical beaks. 

CopPrPona (Gr. kope, an oar; poda, feet). An order of Crustacea. 

CoRAcoID (Gr. korax, a crow; eidos, form). One of the bones which 
form the scapular arch in Birds, Reptiles, and Monotremata. In the 
majority of Mammalia it is a mere process of the scapula, and in man, 
its shape is something like that of the beak of a crow. Hence its name. 

CoRALLUM, (Lat. for red coral). The hard structures deposited in or by 
the tissues of any Actinozodn—commonly called a ‘* coral.” ; 

CoRALLITE. The entire coral of a simple Actinozodn, or the portion of a 
compound coral which belongs to and is secreted by a single polype. 

CORPUS CALLOSUM (Lat. the “‘firm body”). The great band of nervous 
matter which unites the two hemispheres of the brain in the Mammalia. 

CORPUSCULATED (Lat. corpusculwm, a little body or particle). Applied 
to fluids which, like the blood, contain floating solid particles or ‘** cor- 
puscles.” 

CortIcAL LAYER (Lat. cortex, bark). The layer of consistent sarcode, 
which encloses the central ‘‘ abdominal cavity ” in the Jnfusoria and 
is covered by the ‘‘ cuticle.” 


Z 
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CoryNIDA (Gr. korune, a club). An order of Hydroid Zoophytes. 

CosTaL (Lat. costa, arib). Connected with the ribs. 

Cranium (Gr. kranion, the skull). The bony or cartilaginous case in 
which the brain is contained, 

ORASPEDA (Gr. kraspedon, a margin or fringe). The long, convoluted 
cords, containing thread-cells, which are attached to the free margins 

| of the mesenteries in a Sea-anemone. 

CREPUSCULAR (Lat. crepusculum, dusk). Applied to animals which are 
active in the dusk or twilight. : 

ORINOIDEA (Gr. krinos, a lily ; eidos, form). An order of Echinodermata 
comprising forms which are usually stalked, and sometimes resemble 
lilies in shape. 

CroconiLia (Gr. krokodetlos, a crocodile). An order of Reptiles. 

Crop. A partial dilatation of the gullet, technically called ‘‘ingluvies.” 
Sometimes it has the form of a membranous bag appended to the gullet. 

CRUSTACEA (Lat. crusta, a crust). A class of articulate animals, compris- 
ing Crabs, Lobsters, &c., characterised by having a hard shell or crust, 
which they cast periodically. 

CTENOID (Gr. kteis, a comb; eidos, form). Applied to those scales of 
fishes, the hinder margins of which are fringed with spines or cut into 
comb-like projections. 

OTENOPHORA (Gr. ktéeis, a comb; hero, I carry). An order of Actinozoa, 
comprising oceanic creatures, which swim by means of ‘‘ ctenophores,” 
or bands of cilia arranged in comb-like plates. 

CURSORES (Lat. curro, I run). An order of Birds, comprising birds in 
which there is no power of flight, but the body is formed for running 
vigorously. 

CUTICLE (Lat. cuticula, diminutive of cutis, skin). The transparent pellicle 
which forms the outer layer of the body in Jnfusoria. The outermost 
layer of the integument generally. Ms: 

CyrcLoIp (Gr. kuklos, a circle; eidos, form). Applied to those scales of 
fishes which have a regularly circular or elliptical outline. 

Cystic (Gr. kustis, a bladder). Applied to the embryonic forms of the 
Tape-worms, which were originally described as a distinct order of Para- 
sitic Worms under the name of Cystica, or ‘‘ Bladder-worms.” 

CyYSTOIDEA (Gr. kustis, a bladder; eidos, form), An extinct order of Echi- 
nodermata. 


Dercapopa (Gr. deka, ten; podes, feet). The division of Crustacea with ten 
legs adapted for walking (e.g., Crabs and Lobsters). Also, the family 
of Cuttle-fishes (Cephalopoda) in which the mouth is surrounded by ten 
processes or “‘ arms.” 

Dxcripvuovws (Lat. decido, I fall off). Applied to parts which fall off or are 
shed during the life of the animal. 

DEINOSAURIA (Gr. deinos, terrible; saura, alizard). An extinct order of 
Reptiles. 

DenTAL (Lat. dens, a tooth), Connected with the teeth. 

DENTIROSTRES (Lat. dens, a tooth; rostrum, beak). The division of the 
Perching Birdsin which the upper mandible of the bill has its lower 
margin toothed. 

DIAPHRAGM (Gr. diaphragma, a partition). The *‘ midriff,” or the muscle 
which in Mammalia separates the cavity of the chest from that of the 
abdomen. 

DIBRANCHIATA (Gr. dis, twice ; bragchia, gills). The order of Cephalopoda 
(comprising the Cuttle-fishes, &c.) in which only two gills are present. 
DicynopontiA (Gr. dis, twice; kuon, dog; odous, tooth). An extinct 

' order of Reptiles, called by Owen Anomodontia. 
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Digit (Lat. digitus, a finger). A finger or toe. 

DigiticRaDA (Lat. digitus, a finger; gradior, I walk). The divisionof 
Carnivora in which the animal walks upon the tips of the toes, 

DIPNoI (Gr. dis, twice; pnoe, breath). ‘The order of fishes represented 
by the Lepidosiren. 

DipTrERA (Gr. dis, twice ; pteron, a wing). An order of Insects character- 
ised by the possession of two wings only. 

DiscoPpHorRA (Gr. diskos, a quoit or round plate ; phero, I carry). The 
Medusce, or Jelly fishes, so called from their form. Also, the order of 
the Leeches (Hirudinea) from the suctorial dises which they possess. 

DistaL. Applied to the quickly-growing end of the hydrosoma of a 
fHydrozoén ; also to the end of a limb, or of any portion of a limb, fur- 
thest removed from the trunk. 

DIuRNAL (Lat. diurnus, daily, by day). Applied to animals which are 
active during the day. 

Dorsat (Lat. dorsum, the back). Connected with theregion of the back. 


ECHINODERMATA (Gr. echinos, a hedgehog; derma, skin). A class of 
animals comprising the Sea-urchins, Star-fishes, and others, most of 
which have spiny skins. 

ECHINOIDEA (Gr. echinos, a hedgehog ; eidos, form). An order of Echino- 
dermata, comprising the Sea-urchins. 

Kotocyrst (Gr. ektos, outside; kustis, a bladder). The external investment 
of the polypide of a Polyzoén. 
HoTopERM (Gr. ektos, outside ; derma, skin). The external integumentary 

layer of the Celenterata. 

EDENTATA (Lat. e, without; dens, tooth). An order of Mammalia in 
which some or all of the teeth are wanting. Often called Bruta. 

HLASMOBRANCHII (Gr. elasma, astrap ; bragchia, gill). An order of fishes, 
including the Sharks and Rays. 

EnytRa (Gr. elutron, a sheath). The hard chitinous anterior pair of wings 
in the Beetles, which form protective cases beneath which the posterior 
membranous wings can be folded. 

Enpocyst (Gr. endon, within; kustis, a bag). The inner membrane of 
the polypide of a Polyzoén. 

ENDODERM (Gr. endon, within; derma, skin). The inner integumentary 
layer of the Celenterata. 

ENDOSKELETON (Gr. endon, within; skeletos, dry). The internal hard 
structures, such as bones, which serve for the attachment of muscles, or 
the protection of organs, and which are not merely produced by a har- 
dening of the integument. 

ENTOMOSTRACA (Gr, entoma, insects ; ostrakon, shell), Literally, ,“‘ Shelled 
Insects ;”’ applied to a division of the Crustacea. 

EnToz0A (Gr. entos, within; zoén, animal), Animals which live parasiti- 
cally in the interior of other animals. 

EQUILATERAL (Lat. equus, equal; latus, side). Having its sides equal. 
Usually applied to the shells of the Brachiopoda. 

EQUIVALVE (Lat. wquus, equal; valve, folding-doors). Applied to shells 
which, like those of most of the Lamellibranchiata, are composed of two 
equal pieces or valves, 

ERRANTIA (Lat. erro, I wander). An order of Annelida, comprising forms 
which are capable of active locomotion. ' 
EURYPTERIDA (Gr. eurus, broad; pteron, wing). A group of extinct 

Crustacea. 

EXOSKELETON (Gr. exo, outside; skeletos, dry). Under this term are 
comprised all structures which are produced by a hardening of the 
integument, 


356 GLOSSARY. 


Femur. The thigh-bone, intervening between the pelvis and the bones 
of the leg proper (tibia and fibula). 

FIBULA (Lat. a brooch), The outermost of the two bones of the leg in 
the higher Vertebrata. 

Fission (Lat. findo, I cleave). Multiplication by means of a process of 
self-division. 

FISSIROSTRES (Lat. jissus, cleft; rostrum, beak). A sub-order of the 
perching birds, in which the beak can be opened to a great width. 

FLAGELLUM (Lat. a whip). The whip-like appendages of certain Infusoria ; 
thence called “‘ Flagellate.” 

Foor. The muscular organ developed on the under surface of the body 
in the higher Mollusca, and subserving locomotion. 

Foot-saws. The limbs of Crustacea, which are so modified as to subserve 
mastication. 

Foot-TUBERCLES. The unjointed lateral appendages of the Annelida, 
which subserve locomotion, but are not articulated to the body. 

FORAMINIFERA (Lat. foramen, an aperture; fero, 1 carry). An order of 
Protozoa, usually characterised by having a shell perforated by numer- 
ous holes or ‘‘ foramina,” through which the pseudopodia are emitted. 

FRUGIVOROUS (Lat. frua, fruit; voro, I devour). Living upon fruits. 

FUNNEL. The stomach-sac of the Ctenophora ; the muscular tube of the 
Cuttle-fishes by which the water filling the mantle-cavity is ejected. 

Fourcutum (Lat. diminutive of furca, a fork). The V-shaped bone or 
“‘ merry-thought ” of birds, formed by the united clavicles. 


GALLINACEI (Lat. gallina, a fowl). Often applied to the entire order of 
the Rasorial Birds, but properly restricted to that section of the Rasores 
of which the common fowl is a typical example. 

GANGLION (Gr. gagylion, a knot). A mass of nervous matter containing 

. herve-cells, and giving origin to nerve-fibres. 

GANOID (Gr. ganos, splendour ; eidos, form). Applied to those scales of 
fishes which are composed of bone, with an outer layer of polished 
enamel. 

GANOIDEI. An order of fishes, now mostly extinct. 

GASTEROPODA (Gr. gaster, belly ; odes, feet). The class of the Mollusca 
comprising the ordinary univalves, in which locomotion is usually 
effected by creeping about on a flattened ‘‘ foot.” 

GEMMATION (Lat. gemma, a bud), The production of fresh structures by 
a process of budding. 

GEPHYREA (Gr. gephura, a bridge). A class of the Anarthropoda. 

GizzARD. A muscular division of the stomach in insects, birds, &c. 

GONOPHORE (Gr. gonos, offspring ; phero, I bear). The generative buds, 
or receptacles of the reproductive elements, in the Hydrozoa, whether 
these become detached or not. 

GONOSOME (Gr. gonos, offspring ; soma, body). Applied collectively to the 

'_ assemblage of the reproductive buds of any Hydrozoén. 

GRALLATORES (Lat. gralle, stilts). The order of the wading birds. 

GRANIVOROUS (Lat. granum, a grain or seed; voro, I devour). Living 
upon grains or other seeds. . 

GRAPTOLITIDA (Gr. grapho, I write; lithos, stone). An extinct sub-class 
of the Hydrozoa. 

GREGARINIDA (Lat. gregarius, occurring in numbers together), A class of 
the Protozoa. ; 

GuLLEr. The tube which leads from the throat to the stomach. 


Haman (Gr, hatima, blood), Connected with the blood-vessels, or with 
the circulatory system, 
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HaLLux (Lat. allex, the thumb or great toe). The innermost of the 
five digits which normally compose the hind foot of a Vertebrate 
animal. The great toe of man. 

Hxcrocotyius (Gr. hekaton, a hundred; kotulos, a cup). One of the 
“arms” of the male Cuttle-fishes, metamorphosed for reproductive 
purposes. 

HeEMELYTRA (Gr. hemi, half ; elutron, a sheath). The wing of certain In- 
sects (Hemiptera), in which the inner portion of the wing is hardened 
by chitine, and resembles the elytron of a beetle. 

HEMIMETABOLIO (Gr. hemi, half; metabole, change). Applied to those In- 
sects which undergo an incomplete metamorphosis. 

HEMIPTERA (Gr. hemi, half ; pteron, wing). An order of insects so called 
because the anterior wings are sometimes in the form of ‘‘ hemelytra.” 

HERMAPHRODITE (Gr. Hermes, Mercury ; Aphrodite, Venus). Possessing 
the organs of both sexes combined. 

HETEROCERCAL (Gr. heteros, diverse ; kerkos, tail). Applied to the tail 
of fishes when it is unequally lobed.’ ; 

Set aay (Gr. heteros, diverse ; genos, kind). Unlike or dissimilar 
in kind. 

HETEROMORPHIO (Gr. heteros, diverse; morphe, shape). Differing in form 
or shape. 

HTEROPODA (Gr. heteros, diverse ; podes, feet). An order of Gasteropo- 
dous Molluses. 

Hitum (Lat. hilum, a little thing). A small aperture or depression. 
HIRUDINEA\(Lat. hirudo, a horse-leech). The order of Annelida compris- 

' ing the leeches. 

HOLocEPHALI (Gr. holos, whole ; kephale, head). A sub-order of the Zlas- 
mobranchit. 

HOLOMETABOLIC (Gr. holos, whole ; metabole, change). Applied to those 
insects which undergo a complete metamorphosis. 

HOLOTHUROIDEA (Gr. holothowrion). The order of Echinodermata, com- 
prising the sea-cucumbers. 

Homocercat (Gr. homos, same; kerkos, tail). Applied to the tail of fishes 
when the two lobes are equal. 

HOMOGENEOUS (Gr. homos, same; genos, kind). Of like kind or nature. 

Homouogous (Gr. homos, same ; logos, a discourse). Applied to parts 
which are constructed upon the same fundamental plan. . 

HoMoMORFHOUS (Gr. homos, same; morphe, form). Having a similar 
external appearance or form. 

Humerus. The bone of the upper arm in Vertebrata. 

Hypatips (Gr. hudatis, a vesicle). The bladder-worm of the tape-worm 
of the dog. 

Hypra (Gr. hudra, a water-serpent). The generic name of the fresh- 
water polypes. 

Hyproipa (Gr. hudra » and eidos, form). The sub-class of the Hydrozoa, 
containing the animals most nearly allied to the Hydra. Often spoken 
of as the Hydroid Zoophytes. 

Hyproruiza (Gr. hudra ,; and rhiza, root), The adherent base or proxi- 
mal extremity of any Hydrozo6n. ; 

Hyprosoma (Gr. hudra,; and soma, body). The entire organism of any 
Hydrozoon. = : 

AlyprorHEca (Gr. hudra,; theke, a case). The little chitinous cups in 
which the polypites of the Sertularida and Campanularida are protected. 

Hyprozoa (Gr. hudra; zoén, animal). The class of the Celenterata, 
which comprises animals constructed after the type of the Hydra. 

HYMENOPTERA (Gr. humen, a membrane; pteron, a wing). An order of 
insects (comprising Bees, Ants, &c.), with four membranous wings, 
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Hyor (Gr. U, eidos, form). A bone which supports the tongue, and 
which derives its name from its resemblance in man to the letter U. 
HYRACOIDEA (Gr. hurax, a shrew ; eidos, form). An order of Mammalia. 


ICHTHYOMORPHA (Gr. ichthus, a fish; morphe, shape). An order of Amphi- 
bia, comprising the fish-like Newts, &ce. 

ICHTHYOPHTHIRA (Gr. tchthus, a fish; phtheir, alouse). Anorder of Crustacea, 

IcHTHYOPSIDA (Gr. ichthus, fish ; opsis, appearance). The primary divi- 
sion of the Vertebrata, which includes the two classes of the Amphibia 
and P2sces. 

ICHTHYOPTERYGIA (Gr. ichthus, a fish ; pteruw, a wing). An extinct order 
of Reptiles. 

ICHTHYOSAURIA (Gr. ichthus, a fish ; sawra, a lizard). An extinct order of 
Reptiles. 

Tuaco (Lat. an image or apparition). The perfect insect, after it has 
passed through all its metamorphoses. 

Inctsor (Lat. incido, Icut), The cutting-teeth fixed in the front of the up- 
per jaw, and the corresponding teeth in the lower jaw of the Mammalia. 

INEQUILATERAL. Having the two sides unequal, as is the case with the 

shell of the ordinary bivalves (Lamellibranchiata). 

INEQUIVALVE. Composed of two unequal pieces or valves; as is the case 
with the shells of the Brachiopoda. 

INFUSORIA (Lat. infuswm, an infusion). <A class of Protozoa, so called 
from their frequent occurrence in organic infusions. 

Insucra (Lat. inseco, I cut into), The class of Articulate animals com- 
monly known as Insects. 

INSECTIVORA (Lat. insectum, an insect; voro, I devour). An order of 
Mammalia. 

INsEctIvorovus. Living upon Insects. 

INTERAMBULACRA (Lat. inter, between ; ambulacrum, a place to walk in). 
The rows of plates in an Echinus which,are not perforated for the emis- 
sion of the tube-feet. 

INTUSSUSCEPTION (Lat. intus, within; suscipio, I take up). The act of 
taking foreign matter into a living being. . 
INVERTEBRATA (Lat. in, without ; vertebra, a bone of the back). Animals 

without a spinal column or back-bone. 

Isopopa (Gr, isos, equal ; podes, feet). An order of Crustacea in which 
the feet are equal and like one another. 


LaBIuM (Lat. for lip), Restricted to the lower lip of Articulate animals. 

LaBrvM (Lat. for lip). Restricted to the upper lip in Articulate animals. 

LABYRINTHODONTIA (Gr. laburinthos, a labyrinth ; odous, a tooth). An 
extinct‘order of Amphibia. 

LACERTILIA (Lat, lacerta, a lizard). An order of Reptilia comprising the 
Lizards and Slow-worms. 

L&MODIPODA (Gr. laimos, throat; dis, twice ; podes, feet). An order of 
Crustacea, with two legs under the throat. 

LAMELLIBRANCHIATA (Lat. lamella, a plate; Gr. bragchia, gills), The class 
of Mollusca, comprising the ordinary bivalves with leaf-like gills, 

LARVA (Lat. amask), The insect in its first stage after its emergence 

. from the egg, when it is usually very different from the adult. 

LEPIDOPTERA (Gr. lepis, a scale; pteron, a wing). The order of Insects 
comprising the Butterflies and Moths, characterised by having four 
wings usually covered by minute scales. 

Lrnauat (Lat. lingua, tongue). Connected with the tongue. 

LUCERNARIDA (Lat. lucerna, a lamp). An order of the Hydroza. 

LuMBAR (Lat. dumbus, a loin). Connected with the loins. 


GLOSSARY. 359 


Maorura (Gr, makros, long ; owra, tail). A tribe of Decapod Crustaceans 
with long tails (¢.g., the Lobster, Shrimp, &c.) 

MADREPORIFORM. Perforated by small holes, like a coral (or madrepore) ; 
applied to the spongy tubercle by which the water-vascular system 
of Echinoderms mostly communicates with the exterior. 

MALACODERMATA (Gr. malakos, soft; derma, skin). Applied to a group 
of the Actinozoa, comprising the soft-skinned Sea-anemones, 

MALLOPHAGA (Gr. madilos, a fleece ; phago, T eat). An order of Insects, 
comprising the Bird-lice. 

MAMMALIA (Lat. mamma, the breast), The class of Vertebrate animals 
which suckle their young. 

MANDIBLE (Lat. mandibulum, a jaw). The upper pair of jaws in Insects ; 
one of the pairs of jaws in Crustacea and Spiders; the beak of Cephalo- 
poda ,; the lower jaw of Vertebrate animals. 

Mantire. The external integument of most of the Mollusca, which ig 
largely developed, and forms a cloak for the internal organs. Techni- 
cally called the ‘‘ pallium.” 

MaNuBRIUM (Lat. a handle), The central polypite which is suspended 
from the roof of the swimming-bell of a Medusa or medusiform gono- 
phore amongst the Hydrozoa. 

MARSIPOBRANCHIL (Gr. marsipos, a pouch ; bragchia, gills). An .order of 
Fishes comprising the Hag-fishes and Lampreys with pouch-like gills. 
MARSUPIALIA (Lat. marsupiwm, a pouch). An order: of Mammals, in 
which the females are usually furnished with an abdominal pouch in 

which the young are carried. 

Masricatory (Lat. mastico, I chew). Adapted for chewing. 

Merpus& A group of Hydrozoa, commonly known as Jelly-fishes, so 
called because of the resemblance of their tentacles to the snaky hair of 
the Medusa. 

MEDUSIFORM. Resembling a Medusa in shape. 

Mepvusorp. Likea Medusa. Used as a noun to designate the medusiform 
generative buds (gonophores) of the Hydrozoa. 

MEMBRANA NICTITANS (Lat. nicto, I wink). The third eyelid present in 
Birds, &c. 

MEROSTOMATA (Gr. méron, thigh ; stoma, mouth). An order of Crustacea. 

MESENTERIES (Gr. mesos, intermediate; enteron, intestine). The mem- 
brane by which the intestine is attached to the walls of the abdomen. 
In a restricted sense, the vertical plates which divide the somatic cavity 
of a Sea-anemone into chambers. 

MeETACARPUS (Gr. meta, after ; karpos, the wrist). The bones which form 
the ‘‘ root of the hand,” and intervene between the wrist and the 
fingers. 

Aa menosts (Gr. meta, denoting change; morphe, form). The changes: 
of form which certain animals undergo in passing from their younger to 
their fully-grown condition. : 

METATARSUS (Gr. meta, after ; tarsus, the instep). The bones which in- 
tervene between the instep (tarsus) and the digits in the hind-foot of 
the higher Vertebrates. ‘ 

Mo.LaArs (Lat. mola, a mill). The ‘‘grinders” in man; or the teeth in 
Mammals which are not preceded by milk-teeth. 

Mo.uuscoa (Lat. mollis, soft). The sub-kingdom which includes the true 

Shell-fish, the Polyzoa, the Sea-squirts, and the Lamp-shells. 

Moxtuvuscorpa (Mollusca, and Gr. eidos, form). The lower division of the 

Mollusca, comprising the Polyzoa, Sea-squirts (Funicata); and the Lamp- 
shells (Brachiopoda). a 

MoNOTHALAMOUS (Gr. monos, single; thalamos, achamber). Consisting of 

onlyasinglechamber. Appliedtotheshellsof Foraminiferaand Mollusca. 
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MoNnoTREMATA (Gr. monos, single; trema, an aperture). The order of 
Mammals, comprising the Duck-mole and the Spiny Ant-eater, in which 
the intestinal canal opens into a ‘‘cloaca” common to the ducts of the 
urinary and generative organs. ' 

MorpHooey (Gr. morphe, form ; logos, discourse). The science of the 
external form and internal structure of the various parts and organs of 
different animals. 

MuLTIVALVE (Lat. multus, many ; valve, folding-doors). Applied to shells 
which are composed of more than two pieces or valves. i 

Myrtapona (Gr. murios, ten thousand ; podes, feet). A class of Articulate 
animals, comprising the Centipedes and their allies, characterised by the 
possession of numerous feet. 


NATATORES (Lat. nare, to swim), The order of the Swimming Birds. 

NatatTory. Adapted for swimming. 

NAUvTILOID. Shaped like the shell of the Nautilus. 

NEOTO-CALYCES (Gr. necho, I swim; kaluz, a cup). The swimming-bells 
of the Oceanic Hydrozoa. 

NEMATODA or NEMATOIDEA (Gr. nema, athread; eidos, form). The divi- 
sion of the Scolecida, comprising the Thread-worms, and Round-worms. 

NERVURES (Lat. nervus, a sinew). ‘The ribs which support the membran- 
ous wings of insects. 

NEURAL (Gr. neuron, a nerve). Connected with the nervous system. 

NEUROPTERA (Gr. newron, a nerve; pteron, a wing). An order of Insects 
in which the wings are membranous and ‘have numerous interlacing 
nervures. 

N ste (Lat. nox, night). Applied to animals which are active at 
night, 

NORMAL (Lat. norma, arule). Conforming to the ordinary standard. 

NorocHorp (Gr. notos, the back ; chordé, a string). A cellular rod which 
is developed in ithe embryo of Vertebrates immediately beneath the 
spina) cord, and which is usually replaced in the adult by the vertebral 
column. : 

Nucieotus. The minute solid particle found in the interior of the 
nucleus of some cells. Also the minute body attached to the exterior 
of the ‘‘nucleus,” of certain of the Infusoria. 

Nuctervus (Lat. akernel), The solid or vesicular body found in the inte- 
rior of many cells ; also the solid rod, or band-shaped body found in the 
interior of many of the Protozoa. 

NUDIBRANCHIATA (Lat. nudus, naked; Gr. bragchia, gills). An order of 
the Gasteropoda in which the gills are naked. 


OcEANIC. Applied to animals which inhabit the open ocean. 

OctopopaA (Gr. octo, eight; podes, feet). The tribe of Cuttle-fishes with 
eight arms round the head. 

ODONTOPHORE (Gr. odous, a tooth; phero, I carry). The so-called 
**tongue ” or masticatory apparatus of the Gasteropoda, Pleropoda, and 
Cephalopoda. 

CisopHAGUS. The gullet, orthe tube by which the food is conveyed from 
the mouth to the stomach. 

OLIGOCHAETA (Gr. oligos, few; chaite, bristles), An order of the Annelida, 
comprising the Karth-worms. 

OmasuM (Lat. bullock’s tripe). The third stomach of Ruminants, com- 
monly called the “‘ psalterium.” 

OmNivornous (Lat. omnia, everything; voro, I devour). Feeding indis- 
criminately upon all kinds of food. 

OPERCULUM (Lat. a lid), The shelly or horny plate by which the shell of 
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a Univalve Mollusc is closed when the animal has retired within it; 
also the chain of flat bones which covers the gills in many fishes. 

OPHIDIA(Gr. ophis, aserpent). The order of reptiles comprising the Snakes, 

OPHIOMORPHA (Gr. ophis, a serpent ; morphe, shape). The order of _Am- 
phibia comprising the Cecilie. 

OPHIUROIDEA (Gr. ophis, a serpent ; ow7'a, tail; eidos, form). An order of 
Lichinodermata, comprising the Brittle-stars and Sand-stars. 

OPISTHOCELOUS (Gr. opisthen, behind; koilos, {hollow). Applied to ver- 
atte the bodies of which are hollow or concave behind, and conyex in 

ront. 

ORAL (Lat. os, the mouth). Connected with the mouth. 

ORTHOPTERA (Gr. orthos, straight; pteron,’a wing). An order of Insects. 

OscuLa (Lat. diminutive of os, mouth), The large apertures (‘‘ exhalant 
apertures ”) by which a sponge is perforated. 

OsTRACODA (Gr. ostrakon, a shell; eidos, form). An order of small Crus- 
taceans which are enclosed in bivaive shells. , 

OVIPAROUS (Lat. ovwm, an egg; pario, I bring forth). Applied to ani- 
mals which bring forth eggs, in contradistinction to those which bring 
forth their young alive. 

OVIPOSITOR (Lat. ovum, an egg; pono, I place). The organ possessed by 
some insects, by means of which the eggs are placed in a position suit- 
able for their development. 

Ovisac. The external bag or sac in which certain of the Invertebrata 
carry their eggs after they are extruded from the body. 

OVO-VIVIPAROUS (Lat. ovum, an ege; vivus, alive; pario, I bring forth). 
Applied to animals which retain their eggs within the body until they 
are hatched. 

Ovum (Lat. an egg). The germ produced within the ovary, and capable 
under certain conditions of being developed into a new individual. 


PACHYDERMATA (Gr. pachus, thick; derma, skin). An old Mammalian 
order, constituted by Cuvier for the reception of the Elephant, Rhino- 
ceros, Hippopotamus, &Xc. 

PALLIAL. Connected with the mantle or “‘ pallium.” 

Patuium (Lat. a cloak). The ‘‘mantle” of the Mollusca. 7 

Patri (Lat. palpo, I touch). Processes supposed to be organs,of touch, 
developed from certain of the organs of the mouth in various Articulate 
animals, and from the sides of the mouth in the Bivalve Molluscs. 

PaPiLLA (Lat. for nipple). A minute soft prominence. 

PARAPODIA (Gr. para, beside ; podes, feet). The lateral locomotive pro- 
cesses or ‘‘ foot-tubercles”’ of many of the Annelida. ; 

PARIETAL (Lat. paries, a wall). Connected with the walls of a cavity or 
of the body. ‘ 

PARIETO-SPLANCHNIO (Lat. paries, a wall; Gr. splagchnon, an internal 
organ). Applied to one of the nervous ganglia of the Mollusca, which 
supplies the walls of the body and the viscera. } 

Patacium (Lat. the border of a dress). Applied to the expansion of the 
integument by which Bats, Flying Squirrels, and other animals support 
themselves in the air. 

PECTORAL (Lat. pectus, the breast). Connected with the chest. ‘ 
PEDAL (Lat. pes, the foot). Connected with the foot ; generally used in 
connection with the Mollusca. f a 
PEDICELLARIA (Lat. pedicellus, a louse). Curious appendages found in 
many Echinoderms, attached to the surface of the body, and resembling 

a little pair of pincers supported on a stalk. : 

PEDIPALPI (Lat. pes, foot; palpo, I feel). An order of Arachnida, com- 

prising the Scorpions, &c. 
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Feet (Lat. pedunculus, a stem). Supported upon a stem or 
stalk. 

PELVIS (Lat. basin). The bony arch with which the lower or posterior 
pair of limbs is connected in many Vertebrata. 

PERENNIBRANCHIATA (Lat. perennis, perpetual ; Gr. bragchia, gills). Ap- 
plied to those Amphibia which retain their gills throughout life. 

PERISSODACTYLA (Gr. perissos, uneven; daktulos, finger). Applied to 
those Hoofed Mammals (Ungulata) which have an uneven number of 
toes. 

PERIVISCERAL (Gr. peri, around; Lat. viscera, the internal organs). Ap- 
plied to the space surrounding the viscera in most animals. 

PHALANGES (Gr. phalanx, arow). The small bones composing the digits 
of the higher Vertebrates. Normally each digit has three phalanges. 
PHARYNGOBRANCHII (Gr. pharuga, the pharynx ;, bragchia, gills). The 

order of Fishes comprising only the Lancelet. 

PHARYNX. The upper part of the gullet. 

PHYLLOPODA (Gr. phullon, leaf ; podes, feet). An order of Crustacea. 

PHYSOPHORIDA (Gr. phusa, bellows: or air-bladder ; phevo, I carry). An 
order of Oceanic Hydrozoa. 

PInNz (Lat. pinna, a feather). Lateral processes, applied especially to 
the processes of the arms of Crinoids, or of the tentacles of Alcyonaria. 

PINNIGRADA (Lat. pinna; and gradior, I walk). The family of Carnivora, 
comprising the Seals and Walruses,. adapted for an aquatic life. 

Fees (Lat. piscis, a fish). The class of the Vertebrata comprising the 
fishes. 

PLACENTA (Lat. a cake), The ‘‘after-birth,” or the organ by which a 
vascular connection is established in the higher Vertebrata between the 
mother and the young animal previous to its birth. 

PLACENTAL. Possessing a placenta, or connected with the placenta. 
PLACOID (Gr. plax; a plate; etdos, form). Applied to the irregular bony 
plates, grains, or spines which are found in the skin of various fishes. 
PLAGIOSTOMI (Gr. plagios, transverse; stoma, mouth). The Sharks and 
Rays, in which themouth is transverse, and is placed on the: under sur- 

face of the head. 

PLANARIDA (Gr. plané, wandering). A group of the Scolecida.. 

PLANTIGRADA (Lat. planta, the sole of the foot ; gradior, I walk), The 
group an the Carnivora in which the sole of the foot is applied to the 
ground, 

PLANTIGRADE. Walking upon the soles of the feet. 

PLASTRON (Gr. emplastron, a plaster). The ventral shield of the case of 
the Tortoises and Turtles (Chelonia). 

PLATYRHINA (Gr. platus, broad; rhines, nostrils). A group of the Quad- 
rumana. 

PLESIOSAURIA (Gr. plesios, near; saura, a lizard), An extinct order of 
Reptiles. 

PuuTevs (Lat. ashed). The larval form of the Sea-urchins (Zchinus). 

PNEUMATIC (Gr. pnewma, air). Filled with air. 

PNEUMATOPHORE (Gr. pneuma, air; phero, I carry). The air-bladder of 
the Physophoride. 

PoposomMatTa (Gr. pous, foot ; soma, body). An order of Arachnida. 

PoIsERS. See Balancers. 

Po.LuEx (Lat. the thumb). The innermost of the normal five digits of the 
fore-foot of the higher Vertebrata. The thumb of man. 

PonycystTiIna (Gr. polus, many ; kustis,a bladder). An order of Protozoa. 

POLYGAMOUS (Gr. polus, many; gamos, marriage). Applied to cases in 
which one male consorts with several females. 

POLYGASTRICA (Gr. polus, many; gaster, stomach). The name applied by 
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Ehrenberg to the Jnfusoria, under the belief that they possessed many 
stomachs, 
PouypaRy. ‘The hard chitinous covering secreted by many of the Hydro- 


200. 

POLYPE (Gr. polus, many ; pous, foot). Restricted in modern usage to the 
single individual of a simple Actinozoén, or to the separate zodids of a 
compound Actinozoon. 

POLYPIDE. The separate zodid of a Polyzoén. 

PoLyPIDoM. Synonymous with polypary, but often applied to the Poly- 
coda, as well as to the Hydrozoa. 

Potypirz, The separate zodid of a Hydrozodn. 

POLYTHALAMOUS (polus, many ; thalamos, chamber). Many-chambered. 
Applied to the shells of Foraminifera and Cephalopoda. 

PoLyzoa (Gr. polus, many ; zodn, animal). The Sea-mosses and Sea-mats, 
forming the lowest class of the Mollusca. 

PREMOLARS (Lat. pre, before; molares, grinders), The molar teeth 
which succeed the molars of the milk set of teeth. 

PRH-GSOPHAGEAL, Situated in front of the gullet. 

PROBOSCIDEA (Lat. proboscis, the snout). The order of Mammals com- 
prising the Elephants. 

ProcaLous (Gr. pro, front; kotlos, hollow). Applied to vertebre, the 
bodies of which are hollow or concave in front. 

i eee \(Gr. protos, first; phyton, plant). The lowest division of 
plants. 

PROTOPLASM (Gr. protos, first ; plasso, I mould). The elementary basis of 
organised tissues. Sometimes used as identical with the ‘‘sarcode” of 
the Protozoa. 

PROTOZOA (Gr. protos, first; zodn, animal). The lowest division of the 
animal kingdom. 

PROXIMAL (Lat. i:proximus, next). The slowly-growing, comparatively 
fixed extremity of a limb or of an organism. 

PSALTERIUM (Lat. a stringed instrument). The third stomach of the 
Ruminants. 

PSEUDOHZMAL (Gr. pseudos, false; haima, blood). The vascular system 
of the Annelida. 

PsEUDO-HEARTS. Contractile cavities connected with the reproductive 
system of the Brachiopoda. 

PSEUDOPODIA (Gr. pseudos, false ; podes, feet). The temporary extensions 
of the body-substance which are put forth by the Rhizopoda at will, 
and which serve both for locomotion and for prehension. 

PTEROPODA (Gr. pteron, a wing; podes, feet). A class of Mollusca swim- 
ming by means of fins attached to the sides of the head. 

PTEROSAURIA (Gr. pteron, a wing; saura, a lizard). An extinct order of 
reptiles. 

Pannen as (Lat. pulmo, a lung). Connected with the lungs. 

PULMONATE. Possessing lungs. 

Pura (Lat. a doll). The state of metamorphosis of an insect immediately 
preceding its appearance in a perfect condition. In this state the insect 
is very often motionless, and is often called a ‘‘ chrysalis. 

Pynorus (Gr. puloros, a gatekeeper). The valvular aperture between 
the stomach and the commencement of the intestine. 


QUADRUMANA (Lat. guatuor, four; manus, hand). The order of Mammalia 
comprising the Monkeys, Baboons, Lemurs, &c. 
QUADRUMANOUS. Four-handed. 


RADIATA (Lat. radius, a ray). Formerly applied to a large number of 
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animals which are now placed in separate sub-kingdoms (e.g., the 
Celenterata, Echinodermata, Infusoria, kc.) 

RADIOLARIA (Lat. radius, aray). An order of Rhizopoda. 

Ravius, The innermost of the two bones of the fore-arm of the higher 
Vertebrates. It carries the thumb, or pollex, and corresponds with the 
tibia of the hind-limb. 

RAPTORES (Lat. rapto, I plunder). The order of the Birds of Prey. 

RapProriAL. Applied to animals which live by preying upon other animals. 

RASoRES (Lat. rado, I scrape or scratch). The order of the Scratching 
Birds (Fowls, Pigeons, &c.) 

Reprinta (Lat. repto, I crawl). The class of the Vertebrata comprising 
the Tortoises, Serpents, Lizards, Crocodiles, Xe. 

RETICULUM (Lat, a net). The second stomach of the Ruminants. 

RHIZOPODA (Gr. rhiza, aroot; podes, feet). The division of Protozoa com- 
prising all those which are capable of emitting pseudopodia. 

RopENTIA (Lat. rodo, Ignaw). Anorder of the Mammalia, Often called 
Glires (Lat. glis, a dormouse). 

Rorrrera (Lat. rota, a wheel; fero, I carry). A class of the Scolecida, 
comprising the so-called *‘ Wheel-animalcules.” 

Ruaosa (Lat. rugosus, wrinkled). An extinct order of Corals. 

Rumen (Lat. the throat). The first stomach or ‘‘paunch” of Ruminants. 

RuMINANTIA (Lat. rwminor, I chew the cud), A group of the Hoofed 
Mammalia. 


aac The vertebree which unite with the haunch-bones to form the 

pelvis. 

SARCODE (Gr. sara, flesh ; eidos, form). The jelly-like substance of which 
the bodies of the Protozoa are composed. 

SaRcorp. The separate amceba-like particles which collectively make up 
the ‘‘flesh” of a Sponge. 

SauRopsipa (Gr. sara, lizard ; opsis, appearance). The name given by 
Huxley to the two classes of the Reptiles and Birds collectively. 

SAUROPTERYGIA (Gr. sawra, a lizard; pterwx, a wing). An extinct order 
of Reptiles. 

SAURURA (Gr. saura, alizard; oura, tail). The order of Birds compris- 
ing only the extinct Archwopteryx. 

ScansorES (Lat. scando,I climb). The order of the Climbing Birds (Par- 
rots, Woodpeckers, &c.) 

ScapuLa. The shoulder-blade of Vertebrata. 

ScLEROBASIC (Gr. skleros, hard ; basis, pedestal). The form of coral which 
constitutes a central axis surrounded by the soft parts of the animal 
(e.g., Red Coral). 

ScLERODERMIO. Applied to those corals which are secreted within the 
body of the polypes which produce them. 

SconEcrpa (Gr. skolex, a worm). A division of the Annuloida, 

Soura (Lat. scutum, a shield). Applied to the shield-like integumentary 
plates developed in many Reptiles. 

Sepra. Partitions. 

SERPENTIFORM. Resembling a serpent in shape. 

SERTULARIDA (Lat. sertum, a wreath). An order of the Hydrozoa. 

cs (Lat. sedo, I sit). Not supported upon astalk, but attached by a 

ase, 

SILIcEOuS (Lat. silex, flint). Composed of flint. 

SrpHon (Gr. a tube). Applied to the respiratory tubes of many of the 
Mollusca ; also to other tubes of different functions, 

SrPHoNoPHORA (Gr. siphon, atube; phero,I carry). A sub-class of the 
Hydrozoa. 
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SIRENIA (Gr. seven, a mermaid), An order of Mammalia comprising the 
Dugongs and Manatees. 

SOLIDUNGULA (Lat. solidus, solid; ungula, a hoof). The group of Hoofed 
Mammals comprising the Horse, Ass, and Zebra. 

Somatic (Gr. soma, body). Connected with the body. 

SOMITE (or soma). A single segment in the body of an Articulate 
animal, 

SPICULA (Lat. spiculwm, a point). Pointed needle-shaped bodies. 

SPINNERETS. The organs by means of which Spiders and Caterpillars 
spin threads. 

SPONGIDA (Gr. spoggos, asponge). The division of the Protozoa commonly 
known as sponges. 

STERNUM (Gr. sternon), The breast-bone. i 

STOMAPODA (Gr. stoma, mouth ; poda, feet). An order of Crustacea. 

STOMATODE (Gr. stoma, mouth). Possessing a mouth. The Jnfusoria are 
thus often called the Stomatode Protozoa. 

STREPSIPTERA (Gr. strepho, I twist; pteron, a wing). An order of Insects 
in which the anterior wings are represented by twisted rudiments. 

STREPSIRHINA (Gr. strepho, I twist; rhines, nostrils), A group of the 
Quadrumanda. 

SucToRIAL. Adapted for suction or for imbibing fluids. 

SUPRA-GSOPHAGEAL, Placed above the gullet or csophagus. 


TABUL (Lat. tabula, a tablet). Horizontal plates or floors which are 
found in many Corals. 

TACTILE (Lat. tango, I touch). Connected with the sense of touch. 

THNIADA (Gr. tainia, a ribbon), The order of Scolecida comprising the 
Tape-worms. , 

TARSO-METATARSUS. The single bone produced in Birds by the union 
and anchylosis of the lower part of the tarsus with the metatarsus. 

Tarsus (Gr. tarsos, the flat of the foot). The small bones which form 
the ankle (or ‘‘instep” of man), corresponding with the (carpus) of the 
anterior limb. 

TELEOSTEI (Gr. teleios, perfect ; osteon, bone). An order of Fishes often 
spoken of as the Bony Fishes. 

TELSON (Gr. a limit). The last joint in the abdomen of the Crustacea. 

TENUIROSTRES (Lat. tenuis, slender; rostrum, beak). A group of the 
Perching Birds characterised by their slender beaks. 

TERRESTRIAL (Lat. terra, earth). Living upon dry land. 

TEST (Lat. testa, a shell), The shell of Mollusca, which are for this 
reason sometimes called Zestacea. Also, the calcareous shell of Sea- 
urchins. Also, the thick leathery outer tunic of the Sea-squirts T’unicata, 

TETRABRANCHIATA (Gr. tetra, four; bragchia, gills). The order of Mollusca 
characterised by the possession of four gills. 

THALASSICOLLIDA (Gr. thalassa, sea; kolla, glue). A division of Protozoa. 

THERIOMOBPHA (Gr. ther, beast; morphe, shape). Employed by Owen to 
designate the ‘‘ tail-less Amphibians,” such as Frogs and Toads. 

THORAX (Gr. a breastplate). The chest. 

THYSANURA (Gr. thusanoi, fringes; oura, tail). An order of Insects. 

Trp1a. The shin-bone, corresponding to the radius of the fore-limb, and 
being the innermost of the two bones of the leg, 

TRACHEA (Gr. tracheia, the rough wind-pipe). The tube which conveys 
air to the lungs in the air-breathing Vertebrates. In Insects, Myriapods, 
and Spiders, the air-tubes which ramify through the body. 

TREMATODA (Gr. trema, a pore or hole). ‘An order of Scolecida. 

TRILOBITA (Gr. treis, three ; lobos, alobe}. An extinct order of Crustacea. 

TUBICOLA (Lat. tuba, a tube; colo, inhabit), An order of Annelida. 
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TUBULARIDA (Lat. tuba, atube), Often used instead of Corynida to desig- 
nate an order of the Hydrozoa. 

TUNICATA (Lat. ¢unica, a cloak), The Sea- pete a class of the Mollus- 
coida. 


Una (Gr. olené, the elbow). The outermost of the two bones of the 
fore-arm, corr esponding with the fibula of the hind-limb. 

UMBO (Lat. the boss of a shield). The beak of a bivalve shell. 

UMBRELLA. The contractile disc of one of the Lucernarida. 

UNGULATA (Lat. ungula, a hoof), The order of Mammalia comprising the 
Hoofed Quadrupeds. 

UNIVALVE (Lat. wnus, one; valve, folding-doors). Applied to shells 
composed of a single piece or valve. 

URODELA (Gr. oura, tail; delos, visible). The order of the ‘‘tailed” 
Amphibians, 


VACUOLES (Lat. vacuus, empty). The little cavities formed in the in- 
terior of many of the Protozoa by the presence of particles of food 
surrounded by a little water. 

VENTRAL (Lat. venter, the stomach), Relating to the inferior surface of 
the body. 

VENTRICLE (Lat. ventriculus, diminutive of venter, belly). One of the 
cavities of the heart. 

VERMES (Lat. vermis, a worm). Sometimes used at the present day in the 
same, or nearly the same, sense as Annuloida, or as Annuloida plus 
the Anarthropoda. 

VERMIFORM. Worm-like in shape. 

VERTEBRA (Lat. verto, turn). One of the bones composing the spinal 
column or back-bone. 

VERTEBRATA The sub-kingdom comprising animals, almost all of which 

. have a more or less well developed vertebral column. 

VESICLE (Lat. vesica, a bladder). A little sac, bladder, or cyst. 

VISCERA (Lat. viscus). The internal organs of the body. 

VIVIPAROUS (Lat. vivus, alive ; and pario, I bring forth). Applied to 
animals which bring forth their young alive. 


XIPHOSURA (Gr. xiphos, a sword; oura, tail). An order of Crustacea, 
comprising the King-Crabs. 


ZoOip (Gr. zodn, animal ; eidos, form), The more or less completely in- 
dependent organisms produced from a primitive being by gemmation 
or fission, whether these remain attached to one another or are 
detached and set free. 

ZOOPHYTE (Gr. zodn, animal; phuton, plant). Loosely applied to many 
plant-like animals, such as Sponges, Corals, Sea-anemones, Sea-firs 
Sea-mats, &c. 
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Abranchiata, 181. 

Acanthocephala, 19, 117 ; general charac- 
ters of, 1238. 

Acanthometra, 41, 58, 

Acanthophis, 268, 

Acanthoptert, 242, 

Acarina, 151. 

Acarus, 20, 152. 

Acephala (Mollusca), 197. 

Achetina, 21, 167. 

Acineta, 53. 

Acorn-Shells, 20, 147. 

Acrydium, 168. 

Actinia, 55, 92. 

Actinide, 18, 19. 

Actinozoa, 18,57; general characters of 
90 ; orders of, 92. ? 

Adelarthrosomata, 20. 

Adjutant, 294. 

Agapornis, 299. 

Agontt, 337. 

Atlurus, 834, 

Air-receptacles of Birds, 285, 

Alcedinide, 24. 

Alces, 327. 

Alcide, 21. 

Alcyonaria, 18, ¢2; general characters 
of, 97. 

Alcyonium, 18, 97. 

Alge, 4. 

Alligator, 23, 271, 272. 

Alpaca, 327. 

Amblystoma, 250, 

Ambulacral system of Zchinus, 107. 

Ameiva, 270, 

Ametabolic Insects, 162, 165. 

Ammonites, 213. 

Ameba, 17, 31, 52; vacuoles of, 32; 
nucleus of, 83; reproduction of, 70. 

Amebea, 30, 32. 

Amphibia, 23, 215, 225 ; general charac- 
ters of, 217, eb seq. 

Amphidises, 45. 

Amphioxus, 22, 236, 237. 

Amphipoda, 20, 148. 

Ampullaria, 198, 

Anacanthini, 241. 

Anaconda, 267. 

Analogy, 14. 

Anarthropoda, 19, 128, 129. ° 

Anatine, 23, 291. 

Angelina, 145. 

Anguillula, 19, 124, 125. 

Anguis, 269. . 

Animals and Plants, differences between, 
3, eb Seq. 


. 


Annelida, 19, 129; general characters 
of, 130; typical segment of, 76 ; divi- 
sions of, 131. 

Annuloida, 15, 18; characters and 
divisions of, 163; tabular view of, 
177. 

Annulosa, 15,19 ; general characters of, 
128 ; tabular view of, 177. 

Anomodontia, 28, 260. 

Anomura, 141, 

Anoplura, 20, 165. 

Anoura, 23, 248, 252, et seq. 

Anserine, 23, 291. 

Ant-eaters, 24, 812, 317, 319. 

Antelopes, 25, 323, 328, 329. 

Antenze, 139, 161. 

Anthropoid, Apes, 344, 

Antilope, 329. 

Antipathes, 102, 

Ant-lion, 163. 

Ants, 21, 173. 

Apes, 342, 

Aphaniptera, 21, 170. 

Aphides, 21, 166. 

Aphis-lion, 167. 

Aphrodite, 10, 1385. 

Apide, 21, 175. 

Aplacental Mammals, 318. 

Aptera, 162. 

Apteryx, 24, 288, 294, 295, 296. 

Apus, 148. 

Aquiferous System (Sponges), 44. 

Aquilina, 34. 

Arachnactis, 92, 93. 

Arachnida, 20, 157 ; general characters, 
149 ; orders of, 151. ~ 

Araneida, 20, 183. 

Archcopteryx, 24, 290, 304. 

Archomys, 338, 

Ardea, 298. 

Ardeide, <3, 294. 

Arenicola, 19, 135.4 

Argonauta, 22, 205, 209, 210. 

Armadillos, 24, 312, 817, 318. 

Arms of Brachiopods, 191; of Cepha- 
lopoda, 206, 208, 2u9, 210, ¥11. 

Arrow-worm, 19. 

Artemia, 20. 

Arthropoda, 19, 129 ; general characters 
of, 136. 

Articulata, 136. 

Artiod ctyla, 323, 824. 

Ascaris, 19, 124. 

Ascidian Molluscs, 21, 188; solitary, 
social, and compound, 189. 19. 

Ascidiotda, 188. 
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Asinus, 324. 

Aspidisca, 48. ~ 

Ass, 25, 324, 

Astacus, 20. 

Asteroidea, 19, 104, 127 ; general char- 
acters of, 109, et seq, 

Astreide, 18, 

Ateles, 25. 

Atolls, 97. 

» Atrium (7unicata), 189. 

Auchenia, 327. 

Auk, 291, 

Aurelia, 35. 

Aves, 23, 215, 225; general characters 
of, 277; feathers of, 7b. ; vertebral 
column of, 278 ; beak of, 279 ; pectoral 
arch of, ib. ; hind-limb of, 281 ; foot 
of, 282; digestive system of, 283 ; re- 
spiratory system of, 284; circulatory 
system of, 286; nervous system and 
organs of sense of, 287; migrations, 
288 ; divisions of, 239, ef seq. 

Aves altrices, 287. 

Aves erraticce, 288. 

Aves manentes, 288, 

Aves migratoric, 280. 

Aves preecoces, 287. 

Avocet, 292, 293. 

Axoloth, 238, 249. £50, 

Aye-Aye, 25, 342. 


BaBoon, 25, 342. 

Babyroussa, 325. 

Badger, 25, 334. 

Balena, 321. 

Balenide, 24, 321, 

Balancers, 171, 

Balanide, 147. 

Balanus, 20, 147. 

Baleen, 321. 

Balistide, 242. 

Bandicoot, 317. 

Bansering, 341, 

Barnacles, 20. 

Banamunda, 246, 

Barrier reefs, 96. 

Batides, 245. 

Batrachia, 252. 

Bats, 25, 338, 339. 

Bean Goose, 29). 

Bear, 25, 382, 334. 

Beaver, 25, 219, 336, 337. 

Bea-eaters, 303, 

Bees, 21, 173. 

Beebler, 21, 

Belemnites, 211. 

Bimana, 25, 3138, general characters of, 
345. 

Biology, definition of, 2. 

Bird-lice, 21, 165. 

Birds (See Avés). 

Birds-head process, 185, 187. 

Birds of Prey, 303, 

Bison, 329. 

Bittern, 294, 

Bivalve Shell-fish, 1938, 

Blackbird, 24, 


INDEX. 


Bladder-worms (sce Cystic Worms). 

Blastoidea, 18, 114. 

Blatta, 167. 

Blattina, 21, 167. 

Blind-worm, 268. 

Boa, 23, 267, 

Boat-fly, 166. 

Boide, 28. 

Bombidee, 21, 

Bonasa, 297. 

Bony Pike, 22, 242. 

Book-scorpion, 20, 153. 

Bos, 829. 

Bovide, 329. 

Brachiopoda, 21, 180, 181, 183; general 
characters of, 190, e¢ seq. 

Brachyura, 142. 

Bracts (of oceanic Hydrozoa), 76. - 

Bradypodide, 24, 815. 

Branchial hearts (Cuttle-fishes), 217. 

Branchial sac (Tumnicata), 189, 190 
(Lancelet), 237, 

Branchiate Vertebrates, 225. 

Branchifera (Gasteropoda), 199. 

Brine Shrimp, 20. 

Brittle Stars, 19, 

Bruta, 317. 

Bubalus, 329. 

Buccinum, 22, 200. 

Buceride, 802, 

Buffalo, 329. 

Bufo, 23. 

Bufonide, 254. 

Bull-finch, 301, 

Bustards, 294, 

Butterflies, 172. 

Buzzard, 308. 

Byssus (of Lamellibranchiata), 194, 197, 


Caddis Flies, 168. 

Caducibranchiata (Amphibia), 251. 

Ceca, intestinal (of Birds), 284. 

Cecile, 23, 24, 248. 

Caiman, 272. 

Calamaries, 22, 205, 210, 211. 

Calice (Corals), 94. 

Calycophoride, 17, 75. 

Camelidez, 25, 324, 327, 

Camelopardalide, 328. 

Campanularida, 62, 74; medusiform 
gonophores of, 74. 

Canals, of Sponges, 44; of Alcyonaria, 
97; of Ctenophora, 101. 

Cancer, 20, 178. 

Canide, 335. 

Cantharis, 177. 

Capredus, 328. 

Caprimulgiac, 308, 

Capybara, 327. 

Carabus, 160. 

Carcharide, 22. 

Carcinus, 2. 

Caribon, 827, 

Cartnaria, 22. 

Carnivora, 25, 313; general characterg 
of, 331, ef seq. , 

Carp, 241, 
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Carriage - spring apparatus 
poda), 192. 

Cassowary, 24, 294, 295. 

Castor, 219. 

Casuarius, 24, 295. 

Castoridce, 25, 337. 

Catarhina, 348. 

Cats, 25, 331, 335. 

Cavide, 387. 

Cavicornia, 327, 328. 

Cayman, 272. 

Cebidee, 342. 

Cellulose, in Ascidians, 4. 

Centetes, 341. 

Centipedes, 20, 155, 156. 

Cephalaspis, 244. 

Cevhalopoda, 22, 181, 198, 205; general 
characters of, 205, e¢ seq. ; respiratory 
organs of, 207; shell of, 209 ; repro- 
duction of, 7b. ef seq, 

Cephalothorax, 188, 139, 149. 

Cerastes, 268. 

Ceratodus, 246. 

Cercocebus, 348. 

Certhide, 24, 302. 

Cervidc,, 25, 327. 

Cervus, 827, 828. 

Cestraphori, 245, 

Cestum, 18, 102. 

Cetacea, 24, 312, 313 ; general characters 
of, 320, ef seq. 

Cetonia, 176. 

Chetognatha, 19, 129, 177. 

Chameteo, 23, 271, 

Chamois, "329. 

Charadritde, 24, 294. 

Cheetah, 386. 

Cheiromys, 25, 342. 

Chetroptera, 25, 318 ; general characters 
of, 338, ef seq. 

Cheirotherium, 255. 

Chelee, 141, 144, 149. 

Chelifer, 20, 153. 

Chelone, 262, 268, 

Chelontide, 23. 

Chelonia, 23, 257. 260 ; general charac- 
ters of, 261, eé seq. 

Chelydra, 268. 

Chilognathe, 20. 

Chilopoda, 20. 

Chimera, 245. 

Chimpanzee, 25, 220, 221, 344. 

Chitine, 136. 

Chlamyphorus, 318. 

Chlorophyll, in animals, 4. 

Chrysaora, 84, 86. 

Chrysochloris, 341. ; 

Cicada, 166. 

Ciconinw, 24, 294, 

Cidaris, 106. 

Ciliata (Infusoria), 17, 53. 

Cirripedia, 20, 147, 148. 

Cistudo, 263. 

Civet, 25, 334, 335. 

Cladocera, 20, 146. 

Clamatores, 298. 

Classification, 6, eé seq. 


(Brachio- 


Cleodora, 22, 205. 

Climbers (Birds), 24, 289, 298. 

Cliona, 46. 

Cloaca, of Rotifera, 126; of Insects, 160 : 
of Amphibia, 247; of Reptiles, 258 : 
of Birds, 284, 285 ; of Monotremata, 
314. 

Clupeidr, 22, 241. 

Cnidee, 56 

Coati, 334. : 

Cobra, 268. all 

Coccus, 21. 

Cochineal Insects, 21, 166. 

Cockatoos, 24, 299. 

Cockchafer, 177. 

Cockroaches, 21, 167. 

Cocoon, 164, 

Cod, 22, 241. 

Coelenterata, 15, 17; general characters 
of, 54, et seq. ; thread-cells of, 55, 56 ; 
divisions of, 56. 

Ccenosare, 60. 

Coleoptera, 176, 177. 

Collosphera, 42. 

Colobus, 343. 

Coluber, 267. 

Columbacet, 24, 297, 298. 

Comatula, 18, 112, 113, 114. 

Condylura, 341. 

Conirostres, 301. 

Contractile vesicle, of Am@ba, 31, 3 
of Infusoria, 49. 

Coot, 294. 

Copepoda, 20, 146. 

Coral, 94. 

Corallite, 94. 

Corallium, 18, 100. 

Corallum, 92 ; distinctions between dif+ 
ferent coralla, 94, 

Coral-reefs, 95, et seq. 

Cordylophora, 65. 67. 

Cormorant, 290, 291, 292. 

Cortical layer, of Infusoria, 48. 

Corvide, 25, 301. 

Corynida, 17, 62 ; general characters of, 
65 ; reproduction of, 67. 

Coryomorpha, 67. 

Cossus, 172. 

Coturnia, 297. 

Coypu, 387, 338. 

Crab, 20. 

Cracide, 297. 

Crane, 23, 293, 294. 

Crane-fly, 171. 

Crangon, 20. 

Craspeda, 93. 

Crayfish, 20. 

Creepers (Birds), 302. 

Crex, 194. 

Cribella, 109, 110. 

Cricetus, 337. . 

Cricket, 21, 167. 

Crinoidea, 18, 104; general characters 
of, 112, et seq. 

Cristatelia, 187. 

Crocodilia, 28, 257, 258, 260; general 
characters of, 271, ef seq. 
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Crop of Insects, 160; of Birds, 283. 

- Cross-bill, $01, 

Crossfish, 19. 

Crotalide, 28, 267. 

Crotalus, 267. 

Crow, 24, 289, 301. 

Crustacea, 20, 129, 187 ; general char- 
acters of, 138, ef seq. 

Ctenoid Scales of Fishes, 227, 228. 

Ctenophora, 18, 91, 92; general charac- 
ters of, 100, et seq. 

Ctenophores, 101. 

Cuckoo, 24, 289, 299. 

Cuculidee, 24, 299, 

Culex, 21, 171. 

Curassow, 297. 

Curculio, 176. 

Curlew, 289, 292, 294. 

Cursores, 24, 289, 294. 

Cushion Star, 19. 

Cuticle of Infusoria, 48. ' 

Cuttle-fishes, 22, 205, 207, 210. 

Cuvieria, 208. 

Cyamus, 20, 148, 

Cyanea, 85, 

Cyathaxonia, 94. 

Cyclas, 195. 

Cycloid Scales of Fishes, 227, 298. 

Cyclolabride, 242. 

Cyclops, 20, 146. 

Cydippe, 101. 

Cygnide, 291. 

Cynocephalus, 25. 

Cynthia, 188. 

Cyprinide, 241. 

Cypris, 20, 146. 

Cypselida, 24, 303. 

Cystic Worms, 118, et seq. 

Cystoidea, 19, 104, 114, 


Daphnia, 20, 146. 
Darters (Birds), 292. 
Dasypodide, 24, 318. 
Dasyprocta, 337. 
Dasyurus, 24, 317. 
Dead-men’s Fingers, 18, 97. 
Decapoda (Crustacea), 139; (Cephalo- 

poda), 211. 
Deer, 324, 327, 
Deinosauria, 23, 280. 
Delphinidee, 24, 322. 
Delphinus, 321. 
Dendrophyltia, 99. 
Dental formula, 308, 309. 
Dentirostres, 302. 
Desmidice, 5. 
Diatomacee, 5, 
Dibranchiata, 207, 210. 
Dicotyles, 325. 
Dicynodon, 23. 
Didelphide, 24, 316, 317. 
Hidelphys, 317. 

ifflugia, 81, 84, 38, 52. 
Digitigrada, 333, 835, 
Diphosia, 72, 73. 
Diphyes, 17. 
Diplograpsus, 88. 
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Dipnoi, 23, 235; general characters of, 
245, et seq. 

Dipodide, 338. 

Diptera, 21,171. 

Discophora (Meduse), 17, 62 ; general 
characters of, 79 ; (Leeches), 181. 

Discorbina, 36, 87, 38, 53. 

Distal, 60. 

Distoma, 19, 121. 

Divers (Birds), 291. 

Dodo, 298. 

Dog, 25, 831, 335, 

Dog-fish, 22, 245, 

Dolphin, 24, 307, 312, 320, 322. 

Doris, 22, 201. 

Dormice, 338. 

Dorsal vessel of Insects, 161. 

Dorylaimus, 124, 

Doves, 298. 

Draco, 270, 275. 

Dragon-flies, 20, 168, 

Dromaius, 24, 295. 

Dromedary, 327, 

Duck, 28, 289, 291, 292. 

Duck-mole, 24, 314, 315. 

Dugong, 24, 319, 320. 


HaGue, 24, 304. 

Karthworms, 19. 

Echidna, 24, 314, 315. 

Echinodermata, 18,103; general char- 
acters of, 108, et seq. 

Echinoidea, 19, 104 ; general characters 
of, 105, ef seq.; aquiferous system of 
107; development of, 108. 

Echinorhynchus, 19, 128. 

Echinus, 101 ; anatomy of, 105, et seq. 

Ectocyst, 184. 

FEctoderm, 54, 55. 

Edentata, 24, 313; general characters 
of, 317, et seq. 

Fels, 22, 241. 

Elaps, 268. 

Elasmobranchii, 286 ; general characters 
of, 244 ; sub-orders of, 245. 

Elephant, 25, 330, 331. 

Elk, 25, 827. 

Elytra, 176. 

Emeu, 24, 289, 294, 295, 

Emydide, 23, 263. 

Emys, 262. 

Encrinus, 18. 

Endocyst, 184, 

Endoderm, 54, 55. 

Entomostraca, 146, 

Entozoa, 117. 

Eozoon, 40. 

Epetra, 20. 

Ephemeridce, 21, 168, 

Epistylis. 48, 50, 53. 

Equide, 25, 324, 

Equus, 324. 

Erinaceide, 25, 340, 

Erinaceus, 340, 341. 

Ermine, 334. 

Errantia, 19, 184, 


_ Esocide, 241. 
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Eudendrium, 67. 
Euplectella, 17. 
Eurypterida, 144, 145. 
Hyes of Insects, 161. 


Faucon, 24, 304. 

Falconide, 24. 

Feather-star, 18, 112. 

Felidc, 25, 335 ; dental formula, 332. 

Felis, 335, 

Fenestella, 21. 

Field-bug, 21, 166. 

Filaria, 19, 124, 

Finches, 24, 301. 

Finner-whales, 322, 

Fishes (see Pisces). 

Fission, continuous and discontinuous, 
59. 

Fissirostres, 803. 

Flagellata, 17 , 52, 53. 

Flamingoes, 23. 

Flat-fish, 242, 

Fleas, 21, 170. 

Flesh-flies, 21, 17). 

Float of Physophoride, 7%. 

Flukes, 117, 121. 

Flustra, 4, 185, 186. 

Fly-catcher, 302. 

Flying-Dragon, 270. 

Flying-Lemur, 341. 

Flying-Squirrel, 338. 

Food of Animals and Plants, 5. 

Food-vacuoles, 49. 

Foot of Mollusca, 177, 180, 182, 

Foot-jaws, 141, 155. 

Foot-tubercles, 130. 

Foraminifera, 17, 30, 58 5 
acters of, 34; pseudopodia of, 386; 
shell of, 37 ; affinities of, 38 ; distribu- 
tion of, in space, 39; in time, 40; 
sarcode of, 35; presence of, in white 
chalk, 40. 

Forest-flies, 171. 

Formicidce, 173. 

Fowl, 24, 289. 

Fox, 25, 835, 

Fox-bats, 25, 839, 

Frigate Bird, 292. 

Fringillide, 24, 301. 

Fringing-reefs, 96. 

Frog, 28, 226, 247, 252 ; development of, 
253. 

Fulica, 294. 

Funnel of Ctenophora, 101. 


GAD-FLIES, 171. 

Gadide, 22, 242. 

Galeopithecus, 341. 

Gallinacet, 24, 96. 

Gallinula, 23, "293, Bite 

Gallus, 296, 297. 

Gammarus, 20, 148. 

Gannet, 285, 291, 292, 

Ganoid Scales of Fishes, 228. 

Ganoidet, 22, 236; general characters 
of, 242, et seQ. 

Gasteropoda, 21, 181, 193 ; Smee Chak. 
acters of, 198, ef seq. ; shell of, 200; 


general char- | 
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odontophore of, 198 ; development of 
19 


oO: 
Gavial, 23. 271, 272. 
Gazelle, 329. 
Gecarcinus, 20. 
Geckotide, OTL. 
Geese, 23, 289, 291, 292. 
Gemitores, 298. 
Gemmation, continuous and discontinu- 
ous, 58. 
Gemmules of Spongilla, 45. 
Gemsbok, 329. 
Generations, alternation of, 70. 


| Gennette, 25, 335. 


Gephyrea, 19, 129. 

Gibbon, 344. 

Giraffe, 397, 328, 

Gizzard of Insects, mee of Birds, 283, 284. 

Globigerina, 17, 36, 3 

Glutton, 334. 

Gnats, 21, 171. 

Guu, 329. 

Goat, 828, 329. 

Goat- moth, 172. 

Goat-sucker, 303. 

Gobiidw, 242, 

Goniaster, 19, 110. 

Gonophores, 68, 69 ; medusiform, 69, 71 
74, 76, 77. 

Gonosome, 68. 

Gordiacea,19, 117; generalcharacters, 123. 

Gorgonide, 99, 100. 

Gorilla, 344, 

Grallatores, 23, 289, 292, et seq. 

Grantia, 31. 

Graptolitide, 18, 88. 

Grasshoppers, 21, 167. 

Grebe, 292. 

Greenland Whale, 321, 

Gregarina, 29. 

Gregarinide, 17, 29; reproduction of, 29. 

Grosbeak, 24, 

Ground-hog, 319. 

Grouse, 24, 297. 

Gruide, 23, 293. 

Gryllina, 21, 167. 

Guillemot, 291. 

Guinea-fowl, 24, 296, 297. 

Guinea-pig, 387. 

Guinea-worm, 19, 124. 

Gull, 23, 291, 292. 


r 


| Gulo, 3 


Haddock, 22, 242. 
Hemopis, 182. 
Hag-fishes, 22, 235, 238. 
Hair-worms, 19, 123. 
Halicore, 24, 320. 


| Haliomma, 41, 53. 
| Halteres (see Balancers). 
| Hamster, 387, 3388. 


Hapalide, 342, 

Hare, 25, 387. 
Harvest-spiders, 20, 153. 
Hawfinch, 301. 

Hawks, 24, 304. 
Heart-urchin, 19. 
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Hectocotylus, 209. 

Hedgehog, 25, 312, 340. 

Helix, 22, 

Hemelytra, 166. 

Hemerobiide, 169. 

Hemicidaris, 105. 
Hemimetabolic Insects, 162, 166. 
Hemiptera, 21, 166. 
Hermit-crabs, 20, 141. 

Heron, 23, 289, 293, 294. 
Herring, 22, 241. ‘ 
Heterocercal Tail (Fishes), 231. 
Heteropoda, 201, 202. 
Hippobosca, 171. 

Hippocampidre, 242. 
Hippopotamus, 25, 324. 
Hirudinea,” 19, 181;, general char- 

acters of, 131. 

Hirudo, 19. 

Hirundinide, 24, 308. 

Hog, 25. 

Holocephalt, 245. 

Holometabolic Insects, 162, 170. 
folothuria, 19. 

Holothuroidea, 19, 104; general char- 

acters of, 115, 116. 

Homarus, 29, 178. 

Homocercal Tail (Fishes), 231. 
Homology, 14. 

Honey Badger, 334. 
Honey-eater, 302. 

Hoopoe, 302. 
_~Horn-bill, 301. 

Horse, 25, 324. 

Horse-shoe Bats, 25. 

House-fly, 171. 

Howlers (Monkeys), 25, 343. 
Humming-birds, 24, 289, 302. 
Hycnide, 25, 831, 335, 
Hydatids, 121. 

Hydatina, 125, 

Hydra, 5, 62; reproduction of, 65. 
Hydrachna, 20, 152. 
Hydra-tuba, 85. 


Hydrida, 62. 
Hydroida, 17, 62; reproduction of, 67, 
et seq. 


Hydroid Zoophites, 62. 

Hydrophide, 28, 267. 

Hydrorhiza, 62. 

Hydrosoma, 60, 62. 

Hydrothece, 72. 

Hydrozoa, 17, 57; general characters 
of, 57; terminology of. ib ; reproduc- 
tion of, 68 ; divisions of, 62. 

Hyla, 238. 

Hvylobates, 25, 344. 

ITymenoptera, 21, 173. 

Hyracoidea, 25,313 ; general characters 
of, 330. 

Hyraz, 25, 330, 

Fystricide, 25, 337. 


Isis, 294. 

Ichneumon (Insecta), 158, 173. 
Ichihyomorpha, 249, et seq. 
Ichthyophthira, 20, 148, 
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Ichthyopsida, 225, 227, 247. 

Ichthyopterygia, 28, 260 ; characters of, 
278, et seq. 

Ichthyosaurus, 28, 273. 

Iguana, 23, 268. 

Iguanidce, 23. 

Iguanodon, 28. 

Ilyanthus, 98. 

Imago, 162. 

Imperforata (Foraminifera), 37. 

Individual, definition of, 57, ef seq. 

Infusoria, 17, 27, 28, 58; general char- 
acters of, 47; development of, in 
organic infusions, ib. ; distribution of, 
in space, 52. 

Insecta, 20,1387; general characters of, 
157, et seq.; organs of the mouth of, 
158; digestive system of, 160; meta- 
morphoses of, 162 ; orders of, 165, et seq. 

Insectivora, 25, 313; general characters 
of, 340. 


* Insessores, 24, 289, 300. 


Invertebrata, general characters of, 15. 
Isis, 99. 

Isopoda 20, 143, 

TIulus, 20, 156. 

Txodes, 2). 


| JAcARE, 272. 


Jackal, 335. 
Jaguar, 335, 336. 


| Jay, 24, 301. 
| Jelly-fishes, 18, 79, et seq. 
| Jerboa, 338. 


KALONG, 340. 
Kangaroo, 24, 312, 317. 


| Kangaroo-bears, 24, 316, 317 


King-crabs, 20, 144. 
Kingfisher, 24, 303, 
Koala, 316. 
Koodoo, 829. 


LABiIum, 159, 

Labrum, 159. 
Labyrinthodontia, 23, 248, 254. 
Lace-coral, 21. 


| Lacerta, 23, 269, 270. 


Lacertilia, 28, 257, 260; general charac- 
ters of, 268, et seq. 
Lemodipoda, 20, 148. 


| Lagena, 17, 36, 58. 


Lagopus, 297. 

Lamellibranchiata, 21, 181, 191; gene- 
ral characters of, 193, e¢ seq. 

Lampreys, 22, 228, 238, 239. 

Lamp-shells, 21, 183. 

Lancelet, 22, 224, 228, 234, 236, 237. 

Landcrab, 20. 

Land-salamanders, 251. 

Laniide, 302. 

Lapwing, 294. 

Laride, 23, 291. 

Larks, 24, 289, 301. 

Larva (of Insecta), 162, 163. 

Leeches, 19, 131, 182. 

Lemming, 388. 
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Lemuridw, 312. 

Lemurs, 25, 342, 

Leopard, 25, 305, 335, 336. 

Lepadide, 147. 

Lepas, 20, 47. 

Lepidoptera, 21, 171. 

Lepidosiren, 22, 234, 235 ; 
acters of, 245, 246. 

Lepidosteus, 22, 242, 248. 

Leporidce, 25, 337. 

Lepus, 337, 

Lernea, 20, 148. 

Libellulidew, 21, 168. 

Lice, 20, 165. 

Ligia, 20. 

Limax, 22, 203. 

Limpet, 22, 

Limulus, 20, 144. 

Ling, 241. 

Lingual Ribbon (of Mollusca), 198, 199. 

Lingula, 191. 

Linnets, 289. 

Lion, 25, 831, 3382, 335. 

Liver-fluke, 19, 121. 

Lizards, 23, 257, 260, 268, et seq. 

Llama, 25, 323, 327. 

Lobster, 20, 189, e¢ seq. 

Lob-worm, 19, 185. 

Locust, 21, 168. 

Locustina, 167. 

Locust-shrimp, 20. 

Loligo, 22. 

Loon, 282. 

Lophobranchii, 242. 

Lophopus, 186. 

Lophortyx, 297. 

Lories, 299, 800, 342. 

Love-birds, 299. 

Loxiade, 801, 

Lucanus, 178. 

Lucernaria, 18, 83. 

Lucernarida, 18, 62; general characters 
of, 83 ; development of, 84; structure 
of reproductive zodids of, 85, ef sq. 

Lumbricide, 182. 

Lumbricus, 19, 183. 

Lynx, 25, 835, 336. 


general char- 


MACAQUE, 25, 344. 

Macaw, 299. 

Mackerel, 22. 

Macropodide, 24, 31. 

Macroselides, 341. 

Macrura, 139. 

Madreporide, 18. 

Madreporiform tubercle, of Echinus, 
107; of Star-fishes, 110; of Holo- 
thurians, 115. 

Magpie, 24, 301. 

Magpie-moth, 163, 

Maia, 142. 

Malacodermata (Zoantharia), 92 

Malacopteri, 241. 

Matllophaga, 21, 165. 

Malpighian vessels of insects, 161, 

Mammatia, 24, 215, 225, 306, ef seq. 

Mammoth, 331. 


Man, 25, 345. 

Manatee, 24, 819, 320. 

Mandibles of Spiders, 149; of Insects, 
159 ; of Cephalopoda, 207. 

Manis, 24, 312, 319. 

Mantle, 191, 198, 207. 

Manubrium, .69, 80. 

Marginal bodies of Medusidw, 81; of 
Lucernarida, 86, 

Marmoset, 342, 

Marmot, 25, 338. 

Marsipobranchit, 22, 236 ; general char- 
acters, 238, et seq. 

Marsupialia, 24, 313; general charac- 
ters of, 315, et seq. 

Martin, 24, 303. 

May-flies, 21, 168. 

Maxillee of Spiders, 149 ; of Insecta, 159, 

Meandrina, 18. 

Measles, of Pig, 120. 

Meduse, hidden-eyed, 79, 84, 86, 87. 

Meduse, naked-eyed, 71, 79, 80, 81. 

Medusidw, 18, 57, 79, et seq. 

Medusoid buds of Hydrozoa, 69, 71, 75. 

Megapodide, 297. 

Meleagris, 297, 

Meles, 384. 

Melicerta, 19, 125, 126. 

Melide, 25. 

Meliphagidce, 302. 

Mellivora, 384, 

Melolontha, 177. 

Mephitis, 384. 

Meropide, 308. 

Merostomata, 20, 148. 

Merulide, 24, 301. 

Mesenteries (of Actinozoa), 90, 93. 

Metamorphoses of Insects, 162, ef seq. 

Mice, 25, 338. 

Mitviola, 36, 37, 40. 

Millipedes, 20, 155, 156. 

Mink, 334, 

Mites, 20, 151, 

Modeeria, 81. 

Mole, 25, 340. 

Mollusca, 15, 21 ; general characters ef, 
179, et seq.; shell of, 182; divisions of, 
183, 


Mollusca Proper, 21, 193, et seq. 

Molluscoida, characters of, 21, 183; divi- 
sions of, 184, et seq. 

Monera, 17, 30, 52. 

Monitors, 23, 276. 

Monkeys, 342. 

Monomerosomata, 20. 

Monothalamous shells( Foraminifera), 37 

Monotremata, 24, 313; general charac- 
ters of, 314, ef seq. 

Moose, 327. 

Morphology, 10. 

Morse, 333. 

Moths, 21, 172. 

Mud-eel, 249, 

Mud-fish, 22, 234, 285, 245, 246. 

Mugilide, 242. 

Multivalve shells, 147, 182 198. 

Murcenidc, 22, 241, 
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Muride, 25, 338. 

Musca, 21, 171. 

Muscicapide, 301. 

Musquash, 337, 338. 

Mussel, 21. 

Mustelide, 25, 334. 

Mya, 194, 197. 

Mycetes, 25, 343. 

Myoxide, 25, 388. 

Myriapoda, 20, 137; general characters 
of, 155, 156. 

Myrmecophaga, 24, 319. 

Myrmeleo, 163. 

Myrmica, 175. 

Mytilus, 21. 

Myxine, 22, 238. 

Myxinide, 238. 

Myxinoids, 235, 238, 239. 


Naidide, 132, 133. 

Nais, 19. 

Naja, 265, 268. 

Narwhal, 322. 

Nasua, 334. 

Natatores, 23, 288, 289; general charac- 
ters of, 290, et seq. 

Nautiloid shells (Foraminifera), 38. 

Nautilus, Pearly, 22, 205, 207, 212; 
Paper, 22, 207, 209, 210, 211. 

Nectocalyces, 75, 76, 77, 80. 

Nematoda, 19,118; general characters 
of, 124, 

Nemertidce, 19, 123. 

Nereis, 19, 184. 

Nervures, 157. 

Neuroptera, 21, 168. 

Newt, 226, 247, 251. 

Noctiluca, 52. 

Nodosaria, 17, 36, 38, £3. 

Notommata, 19. 

Nucleolus of Paramecium, 49. 

Nucleus of Paramecium, 49. 

Nudibranchiata, 2y1. 

Numenius, 294. 

Numida, 297. 

Nummulites, 39, 40. 

Nummulitic Limestone, 40. 

Nycticebide, 342. 


OcErANIC Hydrozoa, 75, et seq. 

Octopoda, 206, et seq. 

Octopus, 22, 208, 209, 211. 

Odontoceti, 322. 

Odontophore, of Gasteropoda, 198. 

Oligochwta, 19, 181; general characters 
of, 132. 

Omnivora (Ungulata), 324. 

Oniscus, 20, 143. 

Operculum (of Molluscs), 198 

Ophidia, 23, 257, 26u ; general charac- 
ters of, 264, et seq. 

Ophiocoma, 19, 110, 111. 

Ophiomorpha, 23, 248. 

Ophiosaurus, 269, 

Ophiura, 19, 110. 

Ophiuroidea, 19, 104, 109 ; general char- 
acters of, 110, e€ seq. 
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Opossum, 24, 312, 316, 317. 
Orang-outang, 25, 344. 

Organ-pipe Coral, 18, 98. 

Organs of the mouth of Insects, 158, 159. 
Oriola, 24. 

Ornithorhynchus, 24, 314, 315. 
Orthoceras, 213, 

Orthoptera, 21, 167. 

Ortyx, 297. 

Orycteropus, 319. 

Oscula of Sponges, 44. 

Osteolepis, 245. 

Ostraciontide, 262. 

Ostracoda, 20, 146. 

Ostrea, 21. 

Ostrich, 24, 279, 288, 289, 294, 295. 
Otide, 294. 

Otter, 334. 

Ovarian vesicles of Sertularida, 73. 
Ovibos, 329. 

Ovid, 25, 329. 

Ovipositor, 158. 

Ovis, 329. 

Owls, 24, 287, 304. 

Oxen, 25, 324, 328, 329. 

Oxyuris, 124. 

Oyster, 21. 

Oyster-catcher, 294. 


Paca, 337. 

Paddle-fish, 22, 244. 

Paguridc, 20, 141. 

Pallial line, 195, 196. 

Pallium (see Mantle). 

Pangolin, 319. 

Panther, 335. 

Paper Nautilus, 205, 207, 209, 210, 211. 

Paramecium, 17, 48, 53; reproduction 
of, 49 ; nucleus and nucleolus, id. 

Parapodia, 130. 

Parrakeets, 24, 299. 

Parrots, 24, 289, 299. 

Partridge, 24, 297. 

Passerine Birds, 300. 

Patagium, 339. 

Patella, 22. 

Pauropus, 20, 156. 

Pavo, 297. 

Peafowl, 297. 

Pearly Nautilus, 205, 207, 212. 

Peccary, 25, 324, 325, 

Pecten, 21, 197. 

Pedicellarie of Echinus, 106; of Star- 
fish, 110. 

Pediculus, 20. 

Pedipalpi, 20, 152. 

Pelagia, 18. 

Pelagide, 18. 

Pelias, 268. 

Pelicanus, 285, 289, 292. 

Peltogaster, 20, 148. 

Penguin, 23, 280, 291. 

Pennatula, 18, 98. 

Pentacrinus, 18. 


“Pentatoma, 21, 166. 


Perameles, 317. 


| Peranema, 17, 48, 93. 


INDEX, 


Perchers, 24, 289, 300. 

Percidce, 22, 229, 230, 242. 

Perdicide, 297, 

Perdix, 297. 

Perennibranchiata (Amphibia), 249. 

Perforata (Foraminifera), 37. 

Perissodactyla, 323, 324. 

Perna, 195. 

Petrels, 291, 299. 

Petromyzon, 22, 339. 

Petromyzonide, 238. 

Phacochcerus, 325. 

Phalacrocoraz, 291. 

Phalena, 163. 

Phalangers, 24, 317. 

Phalangide, 20, 153. 

Phalangista, 24, 317. 

Pharyngobranchti, 22, 236, et Seq. 

Pharynx of Ascidians, 190; of Lancelet, 
237. 

Phascolarctos, 24, 316, 317. 

Phasianidee, 297. 

Pheasants, 24, 289, 297. 

Phoca, 338. 

Phocidee, 25. 

Pholades, 197. 

Phryganeide, 168. 

Phyllopoda, 20, 148. 

Phyllostomide, 25, 

Physalia, 17, 76. 

Physiology, 10. 

Physiteride, 24. 

Physophoride, 17, 76. 

Picide, 24, 299, 

Pig, 324, 825. 

Pigeons, 24, 283, 289, 290. 

Pike, 241, 

Pilidium, 122 

Pinnigrada, 382, et seq. 

Pipa, 23. 

Pipide, 254. 

Pisces, 22, 215, 225; general characters 
of, 227; scales of, ib.; skeleton of, 
228 ; limbs of, 230; tail of, 231 3 diges- 
tive system of, 232; respiratory system 
of, ib.; heart of, 233; swim-bladder 
of, 234; nervous system of, 7b. ; re- 
production of, 235 ; orders of, 236, 

Placental Mammals, 24, 313. 

Placoid Scales of Fishes, 227, 228. 

Plagiostomt, 245. 

Planarida, 19, 122. 

Plantigrada, 333, 334. 

Plant-lice, 21, 

Platyrhina, 342. 

Plectognathi, 242, 

Plesiosaurus, 28, 274 

Pleurobrachia, 18, 101 ; canal system of, 
101. 

Pleuronectidwe, 22, 242. 

Plovers, 24, 294. 

Pluteus, 105. 

Pneumatophore, 77. 

Podophyra, 17. 

Podosomata, 20, 151. 

£'odura, 165. 

Polecat, 334, 
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Polycystina, 17, 38; general characters 
f, 41, 
Polygastrica, 49. 

Polynoe, 135, 

Polypary, 61. 

Polype, 91. 

Polypide, 184. 

Polypidom, 61. 

Polypite, 60, 

Polypterus, 242, 243. 

Polythalamia (Foruminifera), 38. 

Polyxenia, 81. 

Polyzoa, 21, 181, 188; general characters 

of, 184, et seq. 

Pontia, 171. 

Porcupine. 25, 312, 337. 

Porcupine Ant-eater, 814, 315. 

Pores of Sponges, 44. 

Porpoises, 24, 320, 322. 

Portuguese man-of-war, 17, 77, 78. 

Poulpe, 22, 211. 

Prairie-dog, 338. 

Pristis, 22. 

Proboscidea, 25, 818; general characters 
of, 380. 

Procellaridce, 291. 

Procyon, 25, 334. 

Prong-buck, 329, 

Proteus, 249, 250, 254. 

Proteus-animalcule, 31. 

Protogenes, 17, 52. 

Protophyta, 3. 

Protoplasm, 27. 

Protozoa, 3, 15, 17; general characters 
of, 26, e¢ seq.; classification, 28; tabular 
view of, 42. 

Proventriculus of birds, 288. 

Proximal, 60. 

Pseudohemal system (Annelida), 181. 

Pseudohearts, 192. 

Pseudonavicelle, 29. 

Pseudopodia of Protozoa, 28 ; of Rhizo- 
poda, 30; of Ameba, 31. 

Psittacide, 24, 299, 

Ptarmigan, 24, 297. 

Pterodactyles, 23, 275, et seq. 

Pteropide, 25, 339. 

Pteropoda, 22, 181, 183, 198; general 
characters of, 203, e¢ seq. 

Pteropus, 840. 

Prerosauria, 23, 260 ; general characters 
of, 274. 

Péerygotus, 144, 

Puff Adder, 268. 

Pulicide, 21, 170. 

Pulmonary sacs (Arachnida) 151. 

Pulmonate Gasteropods, 199, 

Puma, 335. 336, 

Pupa, 161, 162. 

Pycnogonum, 20, 152. 

Python, 28, 257, 267. 


Quadrumana, 25, 313; general charac- 
ters of, 342, ef seq. 

Quagga, 324, 

Quail, 297, 


RABBIT, 25, 337. 
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Racoon, 25, 334. 

Radiata, 54. 

Radiolaria, 17, 30, 53; general charac- 
ters of, 41. 

Raiide, 22, 

Rails, 293. 

Rallide, 28, 293. 

Rallus, 294. 

Rana, 28, 252. 

Ranide, 254. 

Raptores, 24, 290, 303, et seq. 

Rasores, 24, 289, 296. 

Rat, 25, 338. 

Rattlesnake, 23. 

Rays, 22, 228. 

Red Coral, 100. 

Red Deer, 328. 

Regnum Protisticum, 3. 

Reindeer, 25, 327. 

Reproduction, general features of, 57 ; 
in Hydroid Zoophytes, 68, ef seq. 

Reptilia, 23, 215, 225; general charac- 
ters of, 256, ef seg. ; jaw of. 257 ; teeth 
of, 258 ; circulation of, 26. ; respiration 
of, 259 ; orders of, 7b. . 

Respiratory tree of Holothurians, 116, 

Respiratory tubes of Rotifera, 126. 

Rhamphastide, 24, 300. 

Rhea, 24, 294. 295. 

Rhinoceros, 25, 328, 324. 

Rhinolophide, 25. 

Rhizocephala, 20. 

Rhizocrinus, 118, 114. 

Rhizopoda, 17, 28 ; general characters of, 
30; divisions of. i. 

Rhizostoma, 18, 87, 88. 

Rhizostomide, 18, 88. 

Rhytina, 18, 320. 

Ribbon-worms (see Nemertide). 

Rodentia, 25, 313; general characters 
of, 336, et seq. 

Roebuck, 328. 

Rorquals, 322. 

Rotifera, 19, 118 ; general characters of, 
123, et seq. 

Round-worms, 19, 124. 

Rugosa, 18, 92 ; characters of, 100. 

Ruminantia, 824, 325; dentition of, 825 ; 
stomach of, 326 ; families of, 327, 

Runners (Birds), 24, 289, 294. 


SABLE, 334, 
Sagitta, 19, 129. 
Salamandra, 23, 247. 
Salmonide, 22, 241. 
Sand-hopper, 20, 136. 
Sand-pipers, 294. 
Sand-star, 19. 
Sand-worm, 19. 
Sanguisuga, 19, 182. 
Sarcode, 27, 
Sarcoids of sponges, 43. 
Sarsia, $1. 
Sauropsida, 225, 226. 
Sauropterygia, 23, 260 ; general charac- 
ters, 274. 
Saururce, 24, 290, 304. 
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Saw-fish, 22, 

Saw-flies, 21, 173. 

Scallop, 21. 

Scalops, 341. 

Scansores, 24, 289, 298, e seq. 

Scincus, 270. 

Sciuride, 338. 

Sclerobasica (Zoantharia), 97. 

Sclerobasic corals, 94, 99. 

Sclerodermata (Zoantharia), 94. 

Sclerodermic corals, 94. 

Ree, 19, 108; general characters of, 
117. 

Scolopacidce, 24, 294. 

Scolopendra, 20, 156. 

Scomberidc, 22, 242. 

Scorpion, 149, 152, 153. 

Scratchers (Birds), 289, 2936. 

Scylliadc, 22. 

Sea-anemones, 93. 

Sea-blubbers, 18. 

Sea-centipedes, 19. 

Sea-cucumbers, 19, 115. 

Sea-eggs, 19. 

Sea-lemons, 2?. 

Seals, 25, 312, 331, 332, 333. 

Sea-mats, 21, 185. 

Sea-mosses, 183, 184. 

Sea-mouse, 19, 135. 

Sea-pens, 18. 

Sea-rods, 18, 97. 

Sea-slugs, 201. 

Sea-snakes, 23. 

Sea-spiders, 20, 151. 

Sea-squirts, 21, 188. 

Sea-unicorn, 322. 

Sea-urchins, 19. 

Sea-worms, 134. 

Segmental organs of Annelides, 131. 

Selachti, 245, 

Semnopitheci, 344. 

Sepiola, 205. 

Serpula, 19, 188, }384. 

Sertularia, 17. 

Sertularida, 17, 62, 66 ; general charac- 
ters of, 71 ; polypites of, 72 ; reproduc- 
tion of, 73. 

Sharks, 22, 245, 

Sheat-fish, 241. 

Sheep, 25, 828, 329. 

Shell of Foraminifera, 87; of Brachio- 
poda, 190; of Lamellibranchiata, 
195 ; of Gasteropoda, 200 ; of Hetero- 
poda, 203; of Pteropoda, ib; of the 
Argonaut, 209 ; of Pearly Nautilus,2@11. 

Shrew-mice, 25, 340, 341. 

Shrikes, 302. 

Shrimp, 20. 

Siluride, 241. 

Simia, 25, 844. 

ae aP here 17, 62 ; general characters 
of, 75. 

Siphonops, 248. 

Siphons (of Lamellibranchiata), 193.. 

Sipunculus, 19, 180. 

Stredon, 25, 249, 250, 

Siren, 23, 249, 250. 
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Sirenia,” 24, 313; general characters ,] Sus, 3 


319, et seq. 

Skate, 22. 

Skink, 270. 

Skunk, 334. 

Slater, 20. 

Sloths, 24, 317, 318. 

Slow-worm, 269. 

Slug, 22. 

Snail, 22. 

Snakes, 257, 260, 264, et seq. 

Snipes, "94, 239, 292, 204. 

Solaster, 19, 110. 

Solen, 197. 

Somatic cavity of Celenterata, 55. 

Sorez, 341. 

Soricide, 25, 340. 

Sparrow,(301. 

Spatangus, 19. 

Spatularia, 22, 244. 

Sperm-whale, 24, 322. 

Spheniscidce, 22, 291. 

Spider-crab, 142. 

Spider-monkeys, 25, 343. 

Spiders, 20, 163. 

Spinax, 245. 

Spinneret of Spiders, 154 ; 
pillars, 172. 

Spirorbis, 138, 184. 

Spongida, 17,30, 58 ; general characters 
, of, 42, et seq. 5 aquiferous system, 44 ; 
"reproduction of, ib. ; distribution of, in 
space, 46. 

Spongilla, 17, 31, 44, 58; reproductio n 
of, 45. 

Spoon-worm, 19, 129, 130. 

Springbok, 329. 

Spring-tails, 21, 165. 

Squids, 205, 210, 211. 

Squilla, 20, 148. 

Squirrel, 25, 338. 

Stag, 25. 

Sine beetle; 178. 

Star-fish, 19. 

Starling, 24.°301, 

Star-nosed Mole, 341." 

Stentor, 5, 51, 52. 

Stephanoceros, 126. 

Stomapoda, 20, 148. 

Storks, 23, 289, 294. 

Strepsiceros, 329. 

Strepsirhina, 342, 

Strepsiptera, 21, 175, 178. 

Strigide, 24, 304. 

Scruthio, 24, 295. 

Sturgeon, 22, 228, 281, 242. 

Sturio, 22, 242. 

Sturionide, 248. 

Sturnide, 24, 301. 

Stylops, 21, 178. 

Sub- kingdoms, Ly is, 

Suctoria (Infusoria), 17, 53. 

Suctorial worms, 19. 

Suida,°25, 324. 

Sula, ee 

Sun- star, 

Surinam Toads, 23, 254. 


of Cater- 


325. 
Swallows 24, 289, 303. 
Swan, 291, 292, 
Swifts, 24, 283, 303. 
Swim-bladder of Fishes, 284. 
Swimmers (Birds), 23, 289, 290. 
Swimming-bells, 75, 76, 77, 80. 
Sword-fish, 231. 
Sylviade, 302. 
Syncoryne, 67. 
Syngnathide, 242, 
Syrinz, 129. 


Tabanide, 176. 

Tenia, 19, 119, 120. 

Teniada, 19, 117; general characters 
of, 118 ; development of, 119. 

Talitrus, 20, 186, 148. 

Talpa, 340, 341. 

Talpide, 25, 340. 

Tantalince, 294. 

Tape-worm, 19, 117, 118, et seq. 

Tapir, 25, 398, 324, 

Tasmanian Devil, 24, 317. 

Tegenaria, 20, 150. 

Teleostei, 22, 286; general characters 
of, 210, et seq. 

Tenrec, 341, 

Tenthredinide, 1738, 174. 

Tenutrostres, 302. 

Terebratula, 21, 191. 

Termites, 21, 168, 169. 

Tern, 291, 2y2. 

Terrapin, "98, 263. 

Test of Foramini ifera, 37 ; of Echinoidea, 
105 ; of Tunicata, 188. 

Testudinide, 28, 264. 

Testudo, 264. 

Tetrabranchiata, 207, 210, 211, 213. 

Tetranychus, 152. 

Tetras, 297. 

Tetraonide, 297. 

Thatassicolla, 17, 42, 58. 

Thalassicolida, 42. 

Thaumantias, 80. 

Theridion, 153. 

Theriomorpha, 252. 

Thick-knee, 294. 

Thorn-headed worms, 19. 

Thread-cells (see Cnide). 

Thread-worms, 19, 124. 

Thrush, 24, 302. 

Thylacinus, 317. 

Thyone, 115. 

Thysanura, 21, 165. 

Ticks, 20, 151. 

Tiger, 25, 331, 335, 336. 

Tipula, 21, 170, 171. 

Toads, 23, 247, "252, 258, 254. 

Tongue of Gasteropods, 198 ; of Cephalo- 
poda, 207. 

Toothed Whales, 322. 

Tortoises, 23, 257, 258, 260, 261, et seq. 

Toucan, 24, 300. 

Trachez, 150, 161. 

Trachynema, 18. 

Tree Frogs, 23. 


378 


Trematoda, 19, 117; general characters 
of, 121 

Trepangs, 19, 

Trichecus, 383. 

Trichina, 124. 

Trigonocephalus, 268. 

Trilobita, 20, 145. 

Tringide, 294. 

Trionycide, 22, 263. 

Triton, 28, 251. 

Trochilide, 24, 392. 

Troglodytes, 25, 344. 

Trogonida, 24, 300. 

Trophosome, 68. 

Trout, 22, 

Tube-feet of Hchinus, 107. 

Tube-worms, 19. 

Tubicola, 19, 133. 

Tubifex, 138. 

Tubipora, 18, 98. 

Tubularia, 17, 66. 

Tubularida (see Corynida). 

Tunicata, 21, 181, 183 ; general characters 
of, 188, et seq. 

Tupaia, 341. , 

Turbellaria, 19, 117 ; general characters 
of, 122. 

Turkey, 24, 297. 

Turn-stones, 24, 294. 

Turritella, 200. 

Turtles, 28, 257, 258, 260, 261. 


UMBO, 195. 

Umbrella of Lucernarida, 86, 

Univalve Shells, 200. 

Ungulata, 24, 313; general characters 
of, 322, et seq. 

Upupine, 302. 

Uraster, 19, 110. 

Urodela, 23, 248, 249. 

Urside, 25, 334. 


Vacuores, of Amaba, 32; of Parame- 
cium, 49. 

Vaginicola, 51, 52. 

Valkeria, 186. 

Vampire Bats, 25. 

Varanide, 23, 270. 

Veil of gonophores, 69, 74; of necto- 
calyces, 76; of naked-eyed Meduse, 
81 , 


Velella, 77, 78. 

Venus’ Flower-basket, 17. 
Venus’ girdle, 18, 102. 
Vermes, 129, 

Vertebra, structure of, 218. 


INDEX. 


| Vertebrata, 15, 22; general characters 


of, 215, ef seq. ; skeleton of, 2173 diges- 
tive system, 221; blood of, 223; 
respiration of, ib. ; nervous system 
of, 224; reproduction of, ib.; divi- 
sions of, ib. 

Vesicle, contractile, of, Protozoa, 27, 32, 
49 


Vesperiilionide, 25. 
Vespide, 21, 173. 
Vinegar Kel, 19. 
Vipera, 23, 268. 
Viperide, 23, 266, 267, 263. 
Virguiaria, 18, 98. 
Viverride, 25, 335. 
Vogtia, 76. 
Vorticella, 17, 51. 
Vulture, 24, 804. 
Vulturide, 24, 


Waders (Birds), 28, 289, 292. 

Wah, 334. 

Walrus, 381, 333, ° 

Wapiti, 328. 

Warblers, 302. 

Wart-hog, 324, 325. 

Wasps, 21, 173. 

Water-fleas, 20. 

Water-hens, 23, 293, 294. 

Water-mites, 2). 

Water-mole, 341, 

Water-newts, 23. 

Water-vascular system, 103, 104, 106, 
119, 121, 122, 123, 125, 126. 

Water-worms, 19. 

Weasel, 25, 334, 

Whale, 218, 307, 312, 320. 

Whalebone whale, 24. 

Wheel animalcules, 19. 

Whelk, 22, 180, 199. 

White-ant, 21. 

Wolf, 25, 331, 335. 

Wolverine, 334, 

Woodcock, 24, 294. 

Wood-lice, 2), 143. 

Wood-peckers, 24, 289, 299. 

Wren, 23. 


aA iphosura, 144. 


ZEBRA, 25, 323, 824, 

Zoantharia, 18, 92 ; malacodermata, 92 ; 
sclerobasica, 97; scleroder mata, 94. 

Zoanthus, 93. 

Zooid, 58, 59. 

Zoology, definition of, 3. 
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Zoology. 
This day is published, 
OUTLINES OF NATURAL HISTORY, for Be- 
ginners ; being Descriptions of a Progressive Series of Zoological 
Types. By HeNRyY ALLEYNE NICHOLSON, M.D., F.R.S.E., 


F.G.S., &c., Professor of Natural History in the University of 
Toronto. 52 Engravings, rs. 6d. 


BY THE SAME AUTHOR. 
INTRODUCTORY TEXT-BOOK OF ZOOLOGY, 


FOR THE USE OF JUNIOR CLASSES. With 127 Engravings. A 
New: Edition, 2s. 6d. 


** Very suitable for junior classes in schools. There is no reason why any one 
should not become acquainted with the principles of the science, and the facts 
on which they are based, as set forth in this volume.”—Lancet. 


TEXT-BOOK OF ZOOLOGY, For THE USE oF 
SCHOOLS. Second Edition, enlarged. Crown 8vo, with 188 En- 
gravings on Wood, 6s, 


** This capital introduction to natural history is illustrated and well got up 
in every way. We should be glad to see it generally used in schools.”—Medi- 
cal Press and Circular. 


A MANUAL OF ZOOLOGY, For THE USE oF 
STUDENTS. With a General Introduction on the Principles of 
Zoology. Third Edition. Crown 8vo, pp. 706, with 280 Engray- 
ings on Wood, ras. 6d. 


‘It is the best manual of zoology yet published, not merely in England, but 
in Europe.”—Pall Mall Gazette, July 20, 1871. 

“The best treatise on Zoology in moderate compass that we possess.”— 
Lancet, May 18, 1872. 


A MANUAL OF PALZONTOLOGY, For THE UsE 
OF STUDENTS. With a General Introduction on the Principles of 
Paleontology. Crown 8vo, with upwards of 400 Engravings, 15s. 


‘¢This book will be found to be one of the best of guides to the principles of 
Paleontology and the study of organic remains.” —A thenewm. 


INTRODUCTION TO THE STUDY OF BIO- 


LOGY. Crown 8vo, with numerous Engravings, 5s. 


EXAMINATIONS IN NATURAL HISTORY; being 
a Progressive Series of Questions adapted to the Author’s Introduc- 
tory and Advanced Text-Books and the Student’s Manual of 
Zoology. Is. 


2 WILLIAM BLACKWOOD AND SONS’ 


Geology. 


“< Few of our handbooks of popular science can be said to have greater or 
more decisive merit than those of Mr Page on Geology and Paleontology. 
They are clear and vigorous in style, they never oppress the reader with a 
pedantic display of learning, nor overwhelm him with a pompous and super- 
fluous terminology ; and they have the happy art of taking him straightway 
to the face of nature herself, instead of leading him by the tortuous and bewild- 
ering paths of technical system and artificial classijication.”—Saturday Re- 
view. 


INTRODUCTORY TEXT-BOOK OF GEOLOGY. 
By Davip Pace, LL.D., Professor of Geology in the Durham 
University of Physical Science, Newcastle. With Engravings on 
wood and Glossarial Index. Tenth Edition. 2s. 6d. 

“Tt has not been our good fortune to examine a text-book on science of 
which we could express an opinion so entirely favourable as we are enabled to 
do of Mr Page’s little work.” —Atheneum. 


ADVANCED TEXT-BOOK OF GEOLOGY, DE- 
SCRIPTIVE AND INDUSTRIAL. By the Same. With Engravings, 
and Glossary of Scientific Terms. Fifth Edition, revised and 
enlarged. 7s. 6d. 

“We have carefully read this truly satisfactory book, and do not hesitate to 
say that itis an excellent compendium of the great facts of Geology, and writ- 
ten in a truthful and philosophie spirit.”"—Edinburgh Philosophical Journal. 

«As a school-book nothing can match the Advanced Text-Book of Geology 
by Professor Page of Newcastle.”—Mechanics’ M agazine, 

‘© We know of no introduction containing a larger amount of information in 
the same space, and which we could more cordially recommend to the geologi- 
cal student.”— Atheneum. 


THE GEOLOGICAL EXAMINATOR. A Progres- 
sive Series of Questions, adapted to the Introductory and Advanced 
Text-Books of Geology. Prepared to assist Teachers in framing 
their Examinations, and Students in testing their own Progress and 
Proficiency. By theSame. Fifth Edition. gd. 


SYNOPSES OF SUBJECTS TAauGHT IN THE GEo- 
LOGICAL CLASS, College of Physical Science, Newcastle-on-Tyne, 
University of Durham. By the Same. Feap., cloth, 2s. 6d. 


THE CRUST OF THE EARTH: A Hanpy Ovt- 
LINE OF GEOLOGY. By the Same. Sixth Edition. Is. 
* An eminently satisfactory work, giving, in less than 100 pages, an admir- 


able outline sketch of Geology, . . . forming, if not a royal road, at least 
one of the smoothest we possess to an intelligent acquaintance with geolo- 


gical phenomena.”—Scotsman. 
“¢ Of singular merit for its clearness and trustworthy character.”—Standard. 


GEOLOGY FOR GENERAL READERS. A Series 
of Popular Sketches in Geology and Palzontology. By the Same. 
Third Edition, enlarged. 6s. 


“ This is one of the best of Mr Page’s many good books. It is written in a 
flowing popular style. Without illustration or any extraneous aid, the narra- 
tive must prove attractive to any intelligent reader.’ —Geological Magazine. 


EDUCATIONAL WORKS, 3 


HANDBOOK OF GEOLOGICAL TERMS, GEO- 
LOGY, AND PHYSICAL GEOGRAPHY. By the Same, 
Second Edition, enlarged. 7s. 6d. 


“The only dictionary of Geology in the English language—modern in date, 
and exhaustive in treatment.”—Review. 


CHIPS AND CHAPTERS. A Book for Amateurs 
and Young Geologists. By the Same. 5s. 


THE PAST AND PRESENT LIFE OF THE 


GLOBE. With numerous Illustrations, By the Same. Crown 
8vo. 4s. 


THE PHILOSOPHY OF GEOLOGY. A Brief Re- 
view of the Aim, Scope, and Character of Geological Inquiry. 
By the Same. Fcap. 8vo. 3s. 6d. 

‘The great value of Mr Page’s volume is its suggestive character. The 
problems he discusses are the highest and most interesting in the science 
—those on which it most becomes the thinkers and the leaders of the age to 
make up their minds. The time is now past for geologists to observe silence 
on these matters, and in this way to depreciate at once the interest and im- 
portance of their investigations. It is well to know that, however they may 
decide, questions of high philosophy are at stake, and therefore we give a 
hearty welcome to every book which, like Mr Page’s, discusses these questions 
in a fair and liberal spirit.”—Scotsman. 


Physical Geography. 


INTRODUCTORY TEXT-BOOK OF PHYSICAL 
GEOGRAPHY. With Sketch-Maps and Illustrations. By DAvip 
PAGE, LL.D., Professor of Geology in the Durham Univer- 
sity of Physical Science, Newcastle. Fifth Edition. 2s. 6d. 

“<The divisions of the subject are so clearly defined, the explanations are so 
lucid, the relations of one portion of the subject to another are so satisfactorily 
shown, and, above all, the bearings of the allied sciences to Physical Geography 
are brought out with so much precision, that every reader will feel that diffi- 
culties have been removed, and the path of study smoothed before him.”— 
Atheneum. 


ADVANCED TEXT-BOOK OF PHYSICAL GEO- 
GRAPHY. Bythe Same. With Engravings. Second Edition. 


a - tharonghly good Text-Book of Physical Geography.”—Saturday Review. 
EXAMINATIONS ON PHYSICAL GEOGRAPHY. 


A Progressive Series of Questions, adapted to the Introductory and 
Advanced Text-Books of Physical Geography. By the Same. 
Second Edition. od. 


COMPARATIVE GEOGRAPHY. By Cart RITTER. 
Translated by W. L. GAGE. Fcap., 3s. 6d. 


Botany. 


ADVANCED TEXT-BOOK OF BOTANY. For 
the Use of Students. By RoBeRT Brown, M.A., PH.D., 
F.R.G.S., Lecturer on Botany under the Science and Art Depart- 
ment of the Committee of the Privy Councii on Education. 

[/n the press. 
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Geography. 
NEW AND GREATLY IMPROVED EDITION. 


A MANUAL OF MODERN GEOGRAPHY, MATHE- 
_ MATICAL, PHYSICAL, AND POLITICAL. By the Rev. ALEXANDER 
MackKAy, LL.D., F.R.G.S. Crown 8vo, pp. 676. 7s. 6d. 
This volume—the result of many years’ unremitting application—is 
specially adapted for the use of Teachers, Advanced Classes, Candi- 
dates for the Civil Service, and proficients in geography generally. 


TWENTY-FOURTH THOUSAND. 
ELEMENTS OF MODERN GEOGRAPHY. By 


the Same. Thirteenth Edition, revised to the present time. Crown 
8VvO, pp. 300. 35. 

The ‘Elements’ form a careful condensation of the ‘Manual,’ the 
order of arrangement being the same, the river-systems of the globe. 
playing the same conspicuous part, the pronunciation being given, and 
the results of the latest census being uniformly exhibited. This volume 
is now extensively introduced into many of the best schools in the 
kingdom. 

SIXTY-SECOND THOUSAND. 


OUTLINES OF MODERN GEOGRAPHY: Fir- 


TEENTH EDITION, REVISED TO THE PRESENT TIME. By the Same. 
18mo, pp. Ir2. Is, 

These ‘ Outlines’—in many respects an epitome of the ‘ Elements ’— 
are carefully prepared to meet the wants of beginners. The arrange- 
ment is the same as in the Author’s larger works. Minute details are 
avoided, the broad outlines are graphically presented, the accentua- 
tion marked, and the most recent changes in political geography ex- 
hibited. 

FORTY-FIRST THOUSAND, REVISED TO THE PRESENT TIME. 


FIRST STEPS IN GEOGRAPHY. By the Same. 
18mo, pp. 56. Sewed, 4d. In cloth, 6d. 


GEOGRAPHY OF THE BRITISH EMPIRE. 
From ‘First Steps in Geography.’ By the Same. 3d. 


Agriculture. 


CATECHISM OF PRACTICAL AGRICULTURE. 


By HeNRY STEPHENS, F.R.S.E., Author of the ‘Book of the 
Farm.’ A New Edition, With Engravings, Is. 


PROFESSOR JOHNSTON’S CATECHISM OF 
AGRICULTURAL CHEMISTRY. <A New Edition, edited by 
Professor VOELCKER. With Engravings. 1s, 


PROFESSOR JOHNSTON’S ELEMENTS OF 
AGRICULTURAL CHEMISTRY AND GEOLOGY. A New 
Edition, revised and brought down to the present time, by G. T. 
ATKINSON, B.A., F.C.S., Clifton College. Foolscap, 6s. 6d. 


EDUCATIONAL WORKS, 5 


Geographical Class-Books. 


_ OPINIONS OF DR MACKAY’S SERIES. 


MANUAL. 


Annual Address of the President of the Royal Geographical Society 
(Sir Roderick I. Murchison).—We must admire the ability and persevering 
research with which he has succeeded in imparting to his ‘Manual’ so much 
freshness and originality. In no respect is this character more apparent than 
in the plan of arrangement, by which the author commences his description of 
the physical geography of each tract by a sketch of its true basis or geological 
structure. The work is largely sold in Scotland, but has not been sufficiently 
spoken of in England. It is, indeed, a most useful school-book in opening out 
geographical knowledge. 


Saturday Review.—It contains a prodigious array of geographical facts, 
and will be found useful for reference. 


English Journal of Education.—Of all the Manuals on Geography that 
have come under our notice, we place the.one whose title is given above in the 
first rank. For fulness of information, for knowledge of method in arrange- 
ment, for the manner in which the details are handled, we know of no work 
that can, in these respects, compete with Mr Mackay’s Manual. . 


ELEMENTS. 


A. KEITH JOHNSTON, LL.D., F.R.S.E., F.R.G.S., H.M. Geographer 
for Scotland, Author of the ‘ Physical Atlas,’ &c. &c.—There is no work 
of the kind in this or any other language, known to me, which comes so near 
my ideal of perfection in a school-book, on the important subject of which it 
treats. In arrangement, style, selection of matter, clearness, and thorough 
accuracy of statement, it is without a rival; and knowing, as I do, the vast 
amount of labour and research you bestowed on its: production, I trust it will 
be so appreciated as to insure, by an extensive sale, a well-merited reward. 


G. BICKERTON, Esq., Edinburgh Institution.—I have been led to form 
a very high opinion of Mackay’s ‘Manual of Geography’ and ‘Elements of Geo- 
graphy,’ partly from a careful examination of them, and partly from my expe- 
rience of the latter as a text-book in the Epinpureu Institution. One of 
their most valuable features is the elaborate Table of River-Basins and Towns, 
which is given in addition to the ordinary Province or County list, so that a 
good idea may be obtained by the pupil of the natural as well as the political 
relationship of the towns in each country. On all matters connected with 
Physical Geography, Ethnography, Government, &c., the information is full, 
accurate, and well digested. They are books that can be strongly recommended 
to the student of geography. 


RICHARD D. GRAHAM, English Master, College for Daughters of 
Ministers of the Church of Scotland and of Professors in the Scottish 
Universities.—No work with which I am acquainted so amply fulfils the con- 
ditions of a perfect text-book on the important subject of which it treats, as Dr 
Mackay’s ‘Elements of Modern Geography.’ In fulness and aceuracy of de- 
tails, in the scientific grouping of facts, combined with clearness and simplicity 
of statement, it stands alone, and leaves almost nothing to be desired in the 
way of improvement. Eminently fitted, by reason of this exceptional variety 
and thoroughness, to meet all the requirements of higher education, it is never 
without a living interest, which adapts it to the intelligence of ordinary pupils. 
It is not the least of its merits that its information is abreast of all the latest 
developments in geographical science, accurately exhibiting both the recent 
political and territorial changes in Europe, and the many important results of 
modern travel and research, 


Spectator.—The best Geography we have ever met with. 
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IMPROVED EDITIONS. 


School Atlases. 


By A. KEITH JOHNSTON, LL.D., &c. 
Author of the Royal and the Physical Atlases, &c. * 


ATLAS OF GENERAL AND DESCRIPTIVE GEO- 
GRAPHY. A Newand Enlarged Edition, suited to the best Text- 
Books; with Geographical information brought up to the time of 
publication. 26 Maps, clearly and uniformly printed in colours, 
with Index. Imp. 8vo. Half-bound, ras. 6d. 


ATLAS OF PHYSICAL GEOGRAPHY, illustrating, 
in a Series of Original Designs, the Elementary Facts of GEOLOGY, 
HYDROGRAPHY, METEOROLOGY, and NATURAL HISTORY. A 
New and Enlarged Edition, containing 4 new Maps and Letter- 
press. 20 Coloured Maps. Imp. 8vo, Half-bound, 12s. 6d. 


ATLAS OF ASTRONOMY. A New and Enlarged 
Edition, 21 Coloured Plates. With an Elementary Survey of the 
Heavens, designed as an accompaniment to this Atlas, by ROBERT 
GRANT, LL.D., &c., Professor of Astronomy and Director of the 
Observatory in the University of Glasgow. Imp. 8vo. Half-bound, 
t2s. 6d. 


ATLAS OF CLASSICAL GEOGRAPHY. A New 


and Enlarged Edition. Constructed from the best materials, and 
embodying the results of the most recent investigations, accom- 
panied by a complete INDEX OF PLACES, in which the proper 
quantities are given by T. HARVEY and E. WORSLEY, MM.A. 
Oxon. 21 Coloured Maps. Imp. 8vo. Half-bound, res. 6d. 
“This Edition is so much enlarged and improved as to be virtually a new 
work, surpassing everything else of the kind extant, bothin utility and beauty.” 
—Atheneum. 


ELEMENTARY ATLAS OF GENERAL AND 
DESCRIPTIVE GEOGRAPHY, for the Use of Junior Classes ; 


including a MAP OF CANAAN and PALESTINE, with GENERAL 
INDEX, 8vo, half-bound, 5s. 


NEW ATLAS FOR PUPIL-TEACHERS. 


THE HANDY ROYAL ATLAS. 46 Maps clearly 


printed and carefully coloured, with GENERAL INDEX. Imp. 4to, 
£2, 12s. 6d., half-bound morocco. A New Edition, brought up to 
the present time, 


This work has been constructed for the purpose of placing in the 
hands of the public a useful and thoroughly accurate ATLAS of Maps 
of Modern Geography, in a convenient form, and at a moderate price. 
Itis based on the ‘ROYAL ATLAS,’ by the same Author; and, in so 
far as the scale permits, it comprises many of the excellences which its 
prototype is acknowledged to possess. The aim has been to make the 
book strictly what its name implies, a HANDY ATLAS—-a valuable sub- 
stitute for the ‘ Royal,’ where that is too bulky or too expensive to find 
a place, a needful auxiliary to the junior branches of families, and a 
vade mecum to the tutor and the pupil-teacher. 
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Arithmetic, &c. 


THE THEORY OF ARITHMETIC. By Davin 
Munn, F.R.S.E., Mathematical Master, Royal High School of 
Edinburgh. Crown 8vo, pp. 294. 55S. 

“We want books of this kind very much—books which aim at developing 
the educational value of Arithmetic by showing how admirably it is calculated 
to exercise the thinking powers of the young. Your book is, I think, excellent 
—brief but clear; and I look forward to the good effects which it shall produce, 
in awaking the minds of many who regard Arithmetic as a mere mechanical 
process.” —Professor Kelland. 


ELEMENTARY ARITHMETIC. By Epwarp Sane, 
F.R.S.E. This Treatise is intended to supply the great desider- 
atum of an intellectual instead of a routine course of instruction in 
Arithmetic. Post 8vo, 5s. 


THE HIGHER ARITHMETIC, By the same 


Author. Being a Sequel to ‘Elementary Arithmetic.’ Crown 8vo, 
5S. 

FIVE-PLACE LOGARITHMS. Arranged by E. 
SANG, F.R.S.E. Sixpence. For the Waistcoat-Pocket. 


TREATISE ON ARITHMETIC, with numerous Ex- 
ercises for Teaching in Classes. By JAMES WATSON, one of the 
Masters of Heriot’s Hospital. Foolscap, 1s. 


EXAMPLES IN BOOK-KEEPING; A_ TREATISE 
SPECIALLY ADAPTED FOR SCHOOLS. By the Rev. JOHN CON- 
STABLE, M.A., Principal of the Royal Agricultural College, Ciren- 
cester. [lx the press. 


A GLOSSARY OF NAVIGATION. Containing the 
Definitions and Propositions of the Science, Explanation of Terms, 
and Description of Instruments. By the Rev. J. B. HARBORD, 
M.A., Assistant Director of Education, Admiralty, Crown 8vo, 
Illustrated with Diagrams, 6s. 


DEFINITIONS AND DIAGRAMS IN ASTRO- 
NOMY AND NAVIGATION. By the Same. 1s. 6d. 


ELEMENTARY HANDBOOK OF PHYSICS. With 
210 Diagrams. By WILLIAM RossITER, F,.R.A.S., &c. Crown 
8voO, Ppp. 390. 5S. 

‘<A singularly interesting Treatise on Physics, founded on facts and pheno- 
mena gained at first hand by the Author, and expounded in a style which is a 
model of that simplicity and ease in writing which betokens mastery of the 
subject. To those who require a non-mathematical exposition of the principles 
of Physics a better book cannot be recommended,”’—Pall M all Gazette. 


ON PRIMARY INSTRUCTION IN RELATION 
TO EDUCATION. By Simon S. Lavuriz, A.M. Author of 
‘ Philosophy of Ethics,’ &c. Crown 8vo, 4s. 6d. 


THE LIFE AND LABOURS OF THE APOSTLE 


PAUL. A continuous Narrative for Schools and Bible Classes. 
By CHARLES MICHIE, M.A, Feap. 8vo. cloth, Is. 


8 WILLIAM BLACKWOOD AND SONS’ 


History. 
EPITOME OF ALISON’S HISTORY OF EUROPE, 


FOR THE USE OF SCHOOLS. Sixteenth Edition. Post 8vo, pp. 
604. 7s. 6d. bound in leather. 


ATLAS tTo EPITOME OF THE History OF EUROPE. 
ELEVEN COLOURED MAps, By A. KEITH JOHNSTON, LL.D., 
F.R.S.E. In 4to, 7s. . 


THE EIGHTEEN CHRISTIAN CENTURIES. By 
the Rev. JAMES WHITE, Author of ‘The History of France.’ 
Seventh Edition, post 8vo, with Index, 6s. 

** He has seized the salient points—indeed, the governing incidents—in each 
century, and shown their received bearing as well on their own age as on the 
progress of the world. Vigorously and briefly, often by a single touch, has he 
marked the traits of leading men; when needful, he touches slightly their 
biographical career. The state of the country and of society, of arts and learn- 
ing, and, more than all, of the modes of living, are graphically sketched, and, 
upon the whole, with more fulness than any other division.”—Spectator, 


HISTORY OF FRANCE, From THE EARLIEST TIMES. 


By the Rev. JAMES WHITE, Author of ‘The Eighteen Christian 
Centuries.’ Fifth Edition, post 8vo, with Index, 6s. 


FACTS AND DATES; or, The Leading Events in 


Sacred and Profane History, and the Principal Facts in the Various 
Physical Sciences ; the Memory being aided throughout by a Sim- 
ple and Natural Method. For Schools and Private Reference. By 
the Rev. ALEX. MACKAY, LL.D., F.R.G.S., Author of ‘A Manual 
of Modern Geography,’ &c. Second Edition, crown 8vo, pp. 336. 
4s. 

“A most valuable book of reference, which will be of immense service to 
students of history. His wide knowledge has directed the author at once to 
the most trustworthy guides in the various departments of the almost illimit- 
able field he has traversed. . . . Every date throughout is embodied ina 
mnemonic sentence, so happily and tersely illustrative of the-event, as to leave 
us fairly astonished at the patience and ingenuity of the author.*—Papers for 
the Schoolmaster, 


Meteorology. 


INTRODUCTORY TEXT-BOOK OF METEOR- 
OLOGY, By ALEXANDER BUCHAN, M.A., F.R.S.E., Secretary 
of the Scottish Meteorological Society, Author of ‘ Handy Book of 
Meteorology,’ &c. Crown 8vo, with 8 Coloured Charts and other 
Engravings, pp. 218. 4s. 6d. 

“* & handy compendium of Meteorology by one of the most competent autho- 
rities on this branch of science.”—Petermann’s Geographische Mittheilungen. 

*“* We can recommend it as a handy, clear, and scientific introduction to the 
theory of Meteorology, written by a man who has evidently mastered his sub- 
ject.”—Laneet, 

“An exceedingly useful volume.”—A thenceum, 


EDUCATIONAL WORKS. 9 
ht 


English Language. 


PROGRESSIVE AND CLASSIFIED SPELLING- 


BOOK. By HANNAH R. LocKwoop, Authoress of ‘Li 
Mary’s Mythology.’ Fcap. 8vo, 1s. 6d. a a 


ENGLISH PROSE COMPOSITION: A Practica 


aa rape aa IN SCHOOLS. By JAMES CuRRIE, M.A. 
rincipal of the Church of Scotland Training College, Edinburgh. 
Ninth Edition, rs. 6d. nak hig a 


“We do not remember having seen a work so completely to our mind as this 
which combines sound theory with judicious practice. Proceeding step by step, 
it advances from the formation of the shortest sentences to the composition of 
complete essays, the punil being everywhere furnished with all needful assist- 
ance in the way of models and hints. Nobody can work through such a book 
as this without thoroughly understanding the structure of sentences, and 
acquiring facility in arranging and expressing his thoughts appropriately. It 
ought to be extensively used.”—<A thenewum. 


A MANUAL OF ENGLISH PROSE LITERA- 


TURE, Biographical and Critical: designed mainly to show char- 
acteristics of style. By W. MINTO, M.A. Crown 8vo, tos. 6d. 


**Ts a work which all who desire to make a close study of style in English 
prose will do well to use attentively.”—Standard. 

‘‘Here we do not find the crambe repetita of old critical formule, the simple 
echoes of superannuated rhetorical dicta, but a close and careful analysis of the 
main attributes of style, as developed in the work of its greatest masters, 
stated with remarkable clearness of expression, and arranged upon a plan of 
most exact method. Nothing can be well conceived more consummate as a 
matter of skill than the analytical processes of the writer as he lays bare to our 
view the whole anatomy—even every jointand sinewand artery in the framework 
—of the sentence he dissects, and as he points out their reciprocal relations, 
their minute interdependencies.”—School Board Chronicle. 


‘An admirable book, well selected and well put together.”— Westminster 
Review. 


A TREASURY OF THE ENGLISH AND GER- 
MAN LANGUAGES. Compiled from the best Authors and 
Lexicographersin both Languages. Adapted to the Use of Schools, 
Students, Travellers, and Men of Business; and forming a Com- 
panion to all German-English Dictionaries. By JOSEPH CAUVIN, 

LL.D. & PH.D., of the University of Gottingen, &c. Crown 8vo, 
7s. 6d., bound in cloth. 


«An excellent English-German Dictionary, which supplies a real want. ”— 
Saturday Review. 

‘‘ The difficulty of translating English into German may be greatly alleviated 
by the use of this copious and excellent English-German Dictionary, which 
specifies the different senses of each English word, and gives suitable German 
equivalents. It also supplies an abundance of idiomatic phraseology, with 
many passages from Shakespeare and other authors aptly rendered in German. 
Compared with other dictionaries, it has decidedly the advantage.”—Atheneum. 
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Crown 8vo, pp. 760, 7s. 6d., 
AN ETYMOLOGICAL AND PRONOUNCING 


DICTIONARY 


OF 


THE ENGLISH LANGUAGE. 


INCLUDING A VERY COPIOUS SELECTION OF 
SCIENTIFIC, TECHNICAL, AND OTHER TERMS AND PHRASES. 


DESIGNED FOR USE IN SCHOOLS AND COLLEGES, 


AND AS 


A HANDY BOOK FOR GENERAL REFERENCE. 


By THE Rev. JAMES STORMONTH, 


AND THE 


Rev. P. H. PHELP, M.A. 


OPINIONS OF THE PRESS. 


** This will be found a most admirable and useful Dictionary by 
the student, the man of business, or the general inquirer. Its 
design is to supply a full and complete pronouncing, etymological, 
and explanatory Dictionary of the English language ; and, as far as 
we can judge, in that design it most completely succeeds. It con- 
tains an unusual number of scientific names and terms, English 
phrases, and familiar colloquialisms ; this will considerably enhance 
its value to the general searcher after information. The author 
seems to us to have planned the Dictionary exceedingly well. The 
Dictionary words are printed in bold black type, and in single 
letters, that being the form in which words are usually presented 
to the reader. Capital letters begin such words only as proper 
names, and others which are always so printed. They are grouped 
under a leading word, from which they may be presumed naturally 
to fall or be formed, or singly follow in alphabetical order—only 
so, however, when they are derived from the same leading root, 
and when the alphabetical order may not be materially disturbed. 
The roots are enclosed within brackets, and for them the works of 
the best and most recent authorities seem to have been consulted. 
The meanings are those usually given, but they have been simplified 
as much as possible. Nothing unnecessary is given; but, in the 
way of definition, there will be found a vast quantity of new matter. 
The phonetic spelling of the words has been carefully revised by a 
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OPINIONS—continued. 


Cambridge graduate—Mr Phelp; and Dr Page, the well-known 
geologist, has attended to the correctness of the various scientific 
terms in the book. The Dictionary altogether is very complete.”— 
Greenock Advertiser. 


_ ‘*This Dictionary is admirable. The etymological part especially 
is good and sound. We have turned to ‘calamity,’ ‘forest,’ 
‘poltroon,’ and a number of other crucial words, and find them 
all derived according to the newest lights. There is nothing about 
‘calamus,’ and ‘foris,’ and ‘pollice truncus,’ such as we used 
to find in the etymological dictionaries of the old type. The work 
deserves a place in every English School, whether boys’ or girls’.” 
— Westminster Review. 


*¢ A good dictionary to people who do much writing is like a life- 
belt to people who make ocean voyages: it may, perhaps, never be 
needed, but it is always safest to have one at hand. ‘This use of a 
dictionary, though one of the humblest, is one of the most general. 
For ordinary purposes a very ordinary dictionary will serve; but 
when one has a dictionary it is well to have a good one. That 
which is now before us is evidently a work on which enormous 
pains have been bestowed. The compilation and arrangement 
give evidence of laborious research and very extensive scholarship. 
Special care seems to have been bestowed on the pronunciation 
and etymological derivation, and the ‘root-words’ which are 
given are most valuable in helping to a knowledge of primary 
significations. All through the book are evidences of elaborate 
and conscientious work, and any one who masters the varied con- 
tents of this dictionary will not be far off the attainment of the 
complete art of ‘writing the English language with propriety,’ in 
the matter of orthography at any rate.”—Belfast Northern Whig. 


‘‘ This strikes us as likely to prove a useful and valuable work. 
i The number of scientific terms given is far beyond what 
we have noticed in previous works of this kind, and will in great 
measure render special dictionaries superfluous. Great care seems 
also to have been exercised in giving the correct etymology and 
pronunciation of words. We trust the work may meet with the 
success it deserves,” —Graphic. 


THE SCHOOL ETYMOLOGICAL DICTIONARY 
AND WORD-BOOK. Combining the advantages of an ordinary 
Pronouncing School Dictionary and an Etymological Spelling-Book. 
By the Rev. JAMES STORMONTH. F cap. 8vo, pp. 254, 2s. 

‘¢ A valuable addition to the pupil’s store of books, and, if rightly used, will 
prove a safe and suggestive guide to a sound and thorough knowledge of his 


native tongue. ”—The Schoolmaster. i : 
‘<The derivations are particularly good.”— Westminster Review. 


NOW PUBLISHING. 


ANCIENT CLASSICS 


FOR 


EN Gy ps He It EAD ERS 


BY VARIOUS AUTHORS. 


EDITED BY 


Rev. W. LUCAS COLLINS, M.A. 
Author of ‘ Etoniana,’ ‘The Public Schools,’ &c. 


OPINIONS OF THE PRESS. 


‘We gladly avail ourselves of this opportunity to recommend the 
other volumes of this useful series, most of which are executed with dis- 
crimination and ability.”—Quarterly Review. 

“© These Ancient Classics have, without an exception, a twofold value. 
They are rich in literary interest, and they are rich in social and histori- 
cal interest. We not only have a faithful presentation of the stamp and 
quality of the literature which.the master-minds of the classical world 
have bequeathed to the modern world, but we have a series of admir- 
ably vivid and graphic pictures of what life at Athens and Rome was. 
We are not merely taken back over a space of twenty centuries, and 
placed immediately under the shadow of the Acropolis, or in the very 
heart of the Forum, but we are at once brought behind the scenes of the 
old Roman and Athenian existence. As we see how the heroes of this 
‘new world which is the old’ plotted, intrigued, and planned; how 
private ambition and political partisanship were dominant and active 
motives then as they are now; how the passions and the prejudices 
which reign supreme now reigned supreme then; above all, as we dis- 
cover how completely many of what we may have been accustomed to 
consider our most essentially modern thoughts and sayings have been 
anticipated by the poets and orators, the philosophers and historians, 
who drank their inspiration by the banks of Ilissus or on the plains of 
Tiber, we are prompted to ask whether the advance of some twenty cen- 
turies has worked any great change in humanity, and whether, substi- 
tuting the coat for the toga, the park for the Campus Martius, the 
Houses of Parliament for the Forum, Cicero might not have been a 
public man in London as well as an orator in Rome?”—AMorning 
Advertiser. 


“‘Tt is difficult to estimate too highly the value of such a series as this 
in giving ‘English readers’ an insight, exact as far as it goes, into those 
olden times which are so remote and yet to many of us so close. It is 
in no wise to be looked upon as a rival to the translations which have 
at no time been brought forth in greater abundance or in greater excel- 
lence than in our own day. On the contrary, we should hope that 
these little volumes would be in many cases but a kind of stepping-stone 
to the larger works, and would lead many who otherwise would have 
remained in ignorance of them to turn to the versions of Conington, 
Worsley, Derby, or Lytton. In any case a reader would come with 
far greater knowledge, and therefore with far greater enjoyment, to the 
complete translation, who had first had the ground broken for him by 
one of these volumes,”—Saturday Review, Fan. 18. 
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OPINIONS—continued, 


‘A series which has done, and is doing, so much towards spreading 
among Englishmen intelligent and appreciative views of the chief clas- 
sical authors.” —Sztandard, 

‘«To sum up ina phrase our sincere and hearty commendation of one 
of the best serial publications we have ever examined, we may just say 
that to the student and the scholar, and to him who is neither scholar 
nor student, they are simply priceless as a means of acquiring and ex- 
tending a familiar acquaintance with the great classic writers of Greece 
and Rome.’”—Belfast Northern Whig. 


List of the Volumes published. 
L-HOMER: THE ILIAD. 


By THE EDITOR. 


‘‘Wecan confidently recommend this first volume of ‘ Ancient Classics 
for English Readers’ to all who have forgotten their Greek and desire 
to refresh their knowledge of Homer. As to those to whom the series 
is chiefly addressed, who have never learnt Greek at all, this little book 
gives them an opportunity which they had not before—an opportunity 
not only of remedying a want they must often have felt, but of remedy- 
ing it by no patient and irksome toil, but by a few hours of pleasant 
reading.” —Tzmes. 


IL-HOMER: THE ODYSSEY. 
By THE EDITOR. 


‘Mr Collins has gone over the ‘ Odyssey’ with loving hands, and he 
tells its eternally fresh story so admirably, and picks out the best pas- 
sages so skilfully, that he gives us a charming volume. In the ‘Odyssey,’ 
as treated by Mr Collins, we have a story-book that might charm a 
child or amuse and instruct the wisest man.”— Scotsman. 


I1L.—-HERODOTUS. 
By GEORGE C. Swayne, M.A. 


‘« This volume altogether confirms the highest anticipations that were 
formed as to the workmanship and the value of the series.”—Dazly 


Telegraph. 
IV.—THE COMMENTARIES OF C/ESAR, 


By ANTHONY TROLLOPE. 


‘*We can only say that all admirers of Mr Trollope will find his 
‘Cesar’ almost, if not quite, as attractive as his most popular novel, 
While they will also find that the exigencies of faithful translation have 
not been able to subdue the charm of his peculiar style. The original 
part of his little book—the introduction and conclusion—are admirably 
written, and the whole work is quite up to the standard of its predeces- 
sors, than saying which, we can give no higher praise.”— Vanity Fazr. 
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Vaeee¥eot RaGet its, 
By THE EDITOR. 


‘Such a volume cannot fail to enhance the reputation of this promis- 
ing series, and deserves the perusal of the most devoted Latinists, not 
less than of the English readers for whom it is designed.” Contemporary 
Review. 

“*It would be difficult to describe the ‘A¢neid’ better than it is done 
here, and still more difficult to find three more delightful works than the 
‘Iliad, the ‘ Odyssey,’ and the ‘ Virgil’ of Mr Collins.” Standard. 


VI.—HORACE, 
By THEODORE MartTIN, 


‘« Though we have neither quoted it, nor made use of it, we have no 
hesitation in saying that the reader who is wholly or for the most part 
unable to appreciate Horace untranslated, may, with the insight he 
gains from the lively, bright, and, for its size, exhaustive little volume 
to which we refer, account himself hereafter familiar with the many- 
sided charms of the Venusian, and able to enjoy allusions to his life and 
works which would otherwise have been a sealed book to him.” —Quar- 
terly Review. 

‘We wish, after closing his book, to be able to read it again for the 
first time; it is suited to every occasion ; a pleasant travelling com- 
panion ; welcome in the library where Horace himself may be consulted; 
welcome also in the intervals of business; or when leisure is abundant.’ 
—Edinburgh Review. 

“In our judgment, no volume (of the series) hitherto has come up to 
the singular excellence of that now under consideration. The secret of 
this is, that its author so completely puts himself in Horace’s place, scans 
the phases of his life with such an insight into the poet’s character and 
motives, and leaves on the reader's mind so little of an impression that 
he is following the attempts of a mere modern to realise the feelings 
and expressions of an ancient. . . . Mr Martin has executed a task, 
the merit and value of which is quite out of proportion to the size 
and pretensions of his volume.” —Saturday Review. 


VIIL—AESCHYLUS., 
By REGINALD S. CopPLeston, B.A. 


‘*A really delightful little volume.”— The Examiner. 

“The author with whom Mr Copleston has here to deal exemplifies 
the advantage of the method which has been used in this series. ? 
Mr Copleston has apprehended this main principle, as we take it to be, 
of his work : has worked it out with skill and care, and has given to the 
public a volume which fulfils its intention as perfectly as any of the, 
series.” — Spectator. 


VIIlL.—XENOPHON. 


By Sir ALEXANDER GRANT, Bart., 
Principal of the University of Edinburgh. 


‘‘Sir Alexander Grant tells the story of Xenophon’s life with much 
eloquence and power. It has evidently been with him a labour of love ; 
while his wide reading and accurate scholarship are manifest on nearly 
every page.” —The Examiner. | 


FOR ENGLISH READERS, 15 
Fe er ge i ee ey 
By THE EpirTor. 


‘‘No charm of style, no facility and eloquence of illustration, is 
wanting to enable us to see the great Roman advocate, statesman, and 
orator, in the days of Rome's grandeur, in the time of her first fatal 
hastening to her decadence, with whom fell her liberty two thousand 
years ago. The first lines of introduction to this fascinating book are 
full of help and light to the student of the classical times who has not 
mastered the classical literature, and in whose interests this book is 
done, simply to perfection.”— Saunders’ News-Letter. , 


X:—SOPHOCLES., 
By Ciirton W. Cottins, M.A. 


‘Sophocles has now been added to the acceptable and singularly 
equal series of ‘Ancient Classics for English Readers.’ Mr Collins 
shows great skill and judgment in analysing and discriminating the 
plays of the sweet singer of Colonus.”— Guardian. 


XI.—PLINY’S LETTERS. » 
By the Rev. ALFRED CHuRcH, M.A., and 
The Rev. W. J. Bropriss, M.A. 


‘* This is one of the best volumes of the series called ‘ Ancient Classics. 
for English Readers.’ . . . This graceful little volume will introduce 
Pliny to many who have hitherto known nothing of the Silver Age,” — 
Atheneum. 

‘*Mr Lucas Collins’s very useful and popular series has afforded a fit 
opportunity for a sketch of the life and writings of the younger Pliny ; 
and the writers of the volume before us have contrived, out of their 
intimate and complete familiarity with their subject, to place the man, 
his traits of character, his friends, and his surroundings so vividly before 
us, that a hitherto shadowy acquaintance becomes a distinct and real 
personage.”’—Saturday Review. 


AIL—E U' Rl Pero es. 
By W. B. DoNNE. 


‘‘Mr Donne’s earlier chapters will be found extremely serviceable in 
helping to a right conception of the times, the scenes, and the char- 
acters amidst which Euripides was matured. In no ‘Theatre of the 
Greeks’ do we find so vivid and distinct an expression of the aspect of 
the Attic clime, its amusements, and its representative men, in the days 
of the youngest member of the dramatic triumvirate. . . . We 
take leave of a tribute to the merit of ‘ Euripides’ which is calculated 
to enhance the appreciation of the most pathetic and philosophic of 
Greek dramatists.”—Saturday Review. 


XIIL—JUVENAL., 
By Epwarp WALForRD, M.A. 


‘«This is one of the best executed volumes of the whole series of 
‘ Ancient Classics,’ and exhibits Mr Walford’s critical powers in a very 
favourable light.”—Pall Mall Gazette. 
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XIV.-ARISTOPHANES. 


By THE EDITOR. 


‘(In the excellent ‘Ancient Classics for English Readers’ no single 
volume has been better done than ‘Aristophanes’ by the Rey. W. 
Lucas Collins, who edits the whole of the Series. He has made liberal 
use of Mr Hookham Frere’s translation of the Comedies, and has 
occasionally ventured, with no meagre success, on versions of passages 
of which Mr Frere seems to have failed to bring out the full meaning, 
Some of those who are already familiar with the Plays of Aristophanes 
may, here and there, be inclined to cavil at Mr Collins’ dicta—as, for 
instance, where he estimates ‘The Wasps’ at a lower level than its 
companions, but on the whole there has been no'work yet published 
which brings the great Greek comedian better within the comprehen- 
sion of the average Englishman. As a mere literary treat this volume 
is dirt cheap at half-a-crown, and, as we have said, we incline to rank 
it among the very best of the marvellous series for which they who are 
not Classical scholars, and some who have half forgotten their College 
lore, have to thank the publishers of Maga.’-—Standard, Oct. 21. 


XV.—HESIOD AND THEOGNIS. 
By the Rev. J. Davis, M.A. 


‘«Tf all the other works of this series are written with the same ability 
as ‘ Hesiod,’ and ‘ Theognis,’ a very valuable addition, in an unpretend- 
ing form, will have been made to the literature of the country.” —Satur- 
day Review, Fan, 18, 


XVIL—PLAUTUS AND TERENCE. 


By THE EDITOR. 


‘‘One of the very best of this admirable series that has yet come 
under our notice. For the first time, indeed, the true meaning and 
purpose of the works of the two oldest Latin dramatists are thoroughly 
investigated, whilst the elegance of their phraseology and the unity of 
their design are equally exemplified.” —Bel/'s Weekly Messenger. 


XVIL—-TACITUS. 
By W. B. Donne. 


‘Mr Donne's sketch of the life and writings of Tacitus is worthy of 
the excellent series of ‘Ancient Classics’ to which it belongs. It is 
evident that Mr Donne has studied his author deeply and thoroughly, 
at once recognising his defects and appreciating his merits. The little 
work before us is a brief but perspicuous summary of the works of the 
great historian, calculated not only to interest the English readers, for 
whom it is primarily intended, but also to assist the student who is 
anxious to make himself acquainted with the history of the first century 
after Christ. . . . We anticipate for the work a great success."— 


Atheneum. 
XVIIL—-LUCIAN. 
By THE EDITOR. 
A Volume is published Quarterly, price 2s. 6d. 


45 GEORGE STREET, EDINBURGH; 37 PATERNOSTER Row, LONDON. 


~ BLACKWOOD’S_ CLASS - BOOKS. 


GEOLOGY. 


INTRODUCTORY TEXT-Book.oF GEOLOGY. By David 


Page, VE.D., &¢., : ; ; : 2s. 6d, 
ADVANCED TEXT-BOOK OF Gronocy. By the same, 7s. 6d. 


THE CRUST OF THE EARTH: A nay Outline of 


Geology. Bythe Same, . Is. od. 
THE GEOLOGICAL EXAMINATOR. By the same. " Sewed, od. 
HANDBOOK OF TERMS IN GEOLOGY AND PHYSICAL 

GEOGRAPHY. Bythesame, . : : 7s. 6d. 

ZOOLOGY. 
TExT-Book or ZooLocy. By H. Alleyne Nicholson, 

M.D., &c., : 5 6s. od. 
INTRODUCTORY TEXT-BooK OF ZOOLOGY. By the 

same, ; . . 2s. 6d. 
Manuat oF ZooLocy. By the same, : ; # “125 6d; 
EXAMINATIONS IN NATURAL History: Being a Pro- 

gressive Series of Questions adaptedto the Author’s 

Introductory and Advanced Text-Books and the 

Students’ Manual of Zoology. By the same, Is. 

* OUTLINES OF NATURAL History, for Beginners; 
being Descriptions of a Progressive Series of 
Zoological Types. By the same, ; ; : Is. 6d. 
METEOROLOGY. 
INTRODUCTORY TEXT-BOOK OF METEOROLOGY. By 

‘Alexander Buchan, M.A., &c. . ; 4s. 6d. 

PHYSICAL GEOGRAPHY. 
INTRODUCTORY TEXT-Book OF PHYSICAL GEOGRAPHY. 

By David Page, LL.D., &c., : 2s. 6d. 
ApvaNcED TEXT-Book oF PHysicaL GEOGRAPHY. 

By the Same, . 5s. od. 
EXAMINATIONS IN PHYSICAL GEOGRAPHY. By the 

same. Sewed, : . od. 
RitTER’s COMPARATIVE GEOGRAPHY. Translated by 

W. L. Gage, : . i ; 3s. 6d. 
ATLAS OF PuHysicAL. GEOGRAPHY. By A. ,Keith 

Johnston, LL.D., &c. WHalf-bound, . F I2s. 6d. 

PHYSICS, 
ELEMENTARY HANDBOOK OF PHysics. With 210 

Diagrams. By William Rossiter, F.R.A.S., &c. 53s. od. 

ENGLISH LANGUAGE. 
ETYMOLOGICAL DICTIONARY OF THE ENGLISH LaAN- 

GUAGE. Crown 8vo, . 5 7s, 6d. 
Tue ScHoon ETyMo.ocicaL DICTIONARY AND WorpD- 

BOOK. Fcap. 8vo, pp. 254, 2s. od, 
ENGLISH PROSE Composition. By Rey, ie Currie, M.A., Is. 6d. 
A MANUAL.OF ENGLISH PROSE LITERATURE. De- 

signed Mainly for the Assistance of Students in 

English Composition. By W. Minto, M.A., . 10s. 6d. 
PROGRESSIVE AND CLASSIFIED SPELLING-BOoK. By 

Miss Lockwood, : er lle A AA nei, Is. 6d. 


BLACKWOOD’S CLASS - BOOKS— Continued. 
PALAONTOLOGY. 


A MANUAL OF PALAONTOLOGY, for the Use of Stu- 
dents. With a General Introduction on the Prin- 
ciples of Paleontology. With upwards of 400 
Engravings. By H. Alleyne Nicholson, M.D., 
&c. One volume, crown 8vo, ' : , 


BOTANY. : 

ADVANCED TEXT-BooK or Borany. For the Use of 

Students. By Robert Brown, M.A., Ph:D., Gét., 

F.R.G.S., Lecturer on Botany under the Science 

and Art Department of the Committee of the Privy 
Council on Education. [Li the press. 


GEOGRAPHY. 
MANuAL OF Geocrapuy. By Rev. Alex. Mackay, LL.D., 


I5s. 


&c. New edition, revised and enlarged, . : 7s. 6d. 
ELEMENTS OF GEOGRAPHY. By the same, . : 3s. od. 
OUTLINES OF GEOGRAPHY. By the same, : : Is. od. 
FIRST STEPS IN GEOGRAPHY. By the same. Sewed, 4d. 

Or in cloth, J n ‘ ‘ Q - ‘ 6d. 
GEOGRAPHY OF THE BRITISH EMPIRE. By the same. 

Sewed, 3d. 


ATLAS OF GENERAL GEOGRAPHY. By A. Keith 


Johnston, LL.D., &c. Half-bound, ; -) 257 6d, 
ELEMENTARY ATLAS OF GEOGRAPHY. By A. Keith 

Johnston, LL.D., &c. Half-bound, . : ; 5s. od. 

HISTORY. 
THE EIGHTEEN CHRISTIAN CENTURIES. By Rev. J. 

White, ; : ; A . : ; 2m OS OC: 
HisToRY OF FRANCE. By Rey. J. White, F : 6s. od. 
EPITOME OF ALISON’S HISTORY OF EuROPE, . : 7s. 6d. 

CLASS/CS. 
ANCIENT CLASSICS FOR ENGLISH READERS. Edited 

by the Rey. W. Lucas Collins. 18 Volumes are 

published, . ; : é . : - 2s. 6d. each. 

| The above series ts well adapted for Ladies’ Schools. 
ATLAS OF CLASSICAL GEOGRAPHY. By A. Keith 
Johnston, LL.D., &c. Half-bound, " - 2s. 6d. 
AGRICULTURE. 
ELEMENTS OF AGRICULTURAL CHEMISTRY. By J. F. 
W. Johnston, . : 6s. 6d. 


CATECHISM OF AGRICULTURAL CHEMISTRY. By J. F. 
W. Johnston, : : ; ‘ f . : Is. od. 
CATECHISM OF AGRICULTURE. By Henry Stephens, Is. od. 


ARITHMETIC. 


THE THEORY OF ARITHMETIC. By David Munn, 
BRAS: Es ; : : : ‘ : 5s. od. 
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